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TERM ANALYSES OF THE FIRST TWO SPECTRA OF 
COLUMBIUM 


By Curtis J. Humphreys and William F. Meggers 


ABSTRACT 


Published wavelengths and estimated intensities of lines characterizing the 
frst two spectra of columbium (RP881) have been supplemented by observations 
of the are spectrum (6500 to 8500 A) in an atmosphere of helium, by observations 
of the spark spectrum (2000 to 2100 A), and by measurements of the Zeeman 
patterns for 1,557 lines. All available data have been analyzed for the purpose of 
correcting and extending the information about the structures of Cbu and Cb1 
(RP793). 

The Cb table contains 1,723 lines (2002.41 to 7026.15 A), 1,494 of which are 
explained as combinations of 183 ionic energy levels comprising 27 singlet, 40 
triplet, and 9 quintet spectral terms. The terms arising from electron configura- 
tions 4d‘, 4d* 5s, and 4d* 5p have been almost completely established, but efforts 
to find spectral series for Cb were futile. The lowest energy (normal state) 
of Cb+ ions is represented by (4d*) a*Do, but the strongest emission lines involve 
(4@ 5s) a*F, a metastable term. The most intense line of the Cb spectrum is 
4? 58) aSF,—(4d* 5p) z°Gs, with a wavelength of 3094.172 A. Zeeman patterns 
observed for 646 Cb 11 lines were most helpful in extending this analysis, which now 
includes 87 percent of the recognized lines and 95 percent of their total intensity. 

The Cb 1 table contains 3,313 lines (2164.54 to 10920.7 A), 2,836 of which have 
ben interpreted as combinations of 364 atomic energy levels representing 58 
doublet, 55 quartet, and 13 sextet spectral terms. The lowest term (normal state 
of neutral Cb'atoms is (4d* 5s)"a "Dox, and the strongest line of the Cb 1 spectrum 
is the transition (4d* 5s) a*Dy—(4d* 5p) y *Fix, with a wavelength of 
458.931 A. The Cbr spectrum is largely accounted for by transitions 
between levels arising from 4d‘ 5s or 4d* 5s* and 4d‘ 5p or 4d* 5s5p electron 
configurations. Zeeman patterns measured for 911 Cbr lines have been 
percent interpreted in this analysis, which now includes 86 percent of the 
known lines and over 93 percent of their intensity. Two members of the series 
(4d'ns) *D and two each of (4d* 5s np) ‘(DFG) have been established. Extra- 
polation of these indicates a limit of 54,600 cm-!, which represents the energy 
difference between the normal states of Cb atoms and Cbtions. The corre- 
sponding ionization potential for neutral columbium atoms is 6.77 volts. 


CONTENTS 


1. Wavelengths 
2. Intensities and other line characteristics 
3. Temperature classes 
4. Zeeman effect 
Ill. Term analysis of Cb 1 
1. Lines of the Cb m spectrum 
2. Terms of the Cb spectru 
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IV. Term analysis of Cbr 
1. Lines of the Cb 1 spectrum 
2. Terms of the Chr spectrum 
3. Electron configurations, theoretical and observed terms 
4. Series and ionization potential 
V. References 


I. INTRODUCTION 


Structural analyses of columbium spectra began 20 years ago, when 
one of the present authors [1] ' sueceeded in finding three multiplets 
in the are spectrum of columbium (Cb1). Two years later the firs 
regularities in the spark spectrum of columbium (Cb) were ap. 
nounced [2]. The impossibility of extending such analyses without 
improved and additional descriptive material was recognized, and 
steps were taken to obtain the desired data. At that time the pre 
cision of the published wavelengths was not sufficient to permit 
finding true “constant differences” in such complex spectra nor were 
the intensity estimates of arc and spark lines reliable enough for dis. 
crimination of ionization stages. The furnace spectra of columbium 
vapor at variovws. temperatures had not been investigated, and 
although the published Zeeman-effect data gave the clue to the first 
regularities in these spectra, they were inadequate for the extension 
of these analyses. 

In 1931 the furnace spectra of columbium were imvestigated by 
King [3]. In 1936, new descriptions of are and spark spectra were 
published by Meggers and King [4]. These new data formed the 
basis for a report on multiplets and terms in the first two spectra of 
columbium published by Meggers and Seribner [5] in 1935. In that 
report about 400 Cbr lines were accounted for as combinations of 
sextet and quartet terms, and about 250 Cb 1 lines as combinations of 
quintet and triplet terms. Theoretically predicted doublet terms for 
Cb 1 and singlet terms for Cb u could not be established at that time. 
That work indicated that the term analyses of columbium spectra 
could not be concluded satisfactorily without more extensive and 
accurate observations of the Zeeman effect. Several years later the 
unique facilities of the Massachusetts Institute of Technology [6] for 
making such observations with high magnetic and spectrographuic 
resolution became available, and several sets of Zeeman spectrograms 
of columbium were made for the Bureau by G. R. Harrison. These 
were measured, calculated, and interpreted during 1940—41, and the 
results served to correct and greatly amplify the term analyses of the 
first two spectra of columbium. Incidental to these analyses, addi- 
tional observations were made at this Bureau on the are spectrum in 
the red and infrared, on the spark spectrum in the ultraviolet, and 
on the Zeeman effect in the visible and near infrared. The present 
results for columbium spectra are comparable or supemor to those 
published [7] for the corresponding spectra of analogous vanadium, and 
since there is now neither opportunity nor necessity for making further 
observations, this final report on the term analyses of the first two 
spectra of columbium has been prepared. 

Although columbium was discovered 143 years ago, it is only during 
the past decade that this chemical element has lost its status as 4 


Figures in brackets indicate the literature references at the end of this paper. 
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wientific curiosity and found important industrial application. 
(Considerable quantities of columbium are now being used as a con- 
aituent of steel [8] and other alloys [9], and since the efficiency and 
popularity of spectrochemical analysis of such alloys is rapidly 
increasing, it may be assumed that this report on the structures of 
columbium spectra will be of interest to practical spectroscopists, as 
well as to theoretical physicists. 


II. OBSERVATIONAL DATA 


The analyses of columbium spectra are based on observed facts, 
consisting of wavelength measurements, intensity estimates and 
other line characteristics, temperature classification, and Zeeman- 
affect data, all of which are collected in tables 1 and 4. The second 
spectrum (Cb 11), associated with four valence electrons, is presented 
first because it is simpler than the first spectrum (Cb 1) associated 
with five electrons, and because the low energy states of Cb 1 are 
convergence limits of Cb 1 spectral series. 


1. WAVELENGTHS 


Most of the wavelengths shown in tables 1 and 4 are quoted from 
the description of are and spark spectra of columbium published by 
Meggers and King [4]. Their claim that the majority of these values 
had an average probable error of less than 0.005 A was tested and 
confirmed by partial analyses [5] based mainly on the combination 
principle, and has been further verified by the present more complete 
analyses of these spectra. Supplementary measurements of wave- 
lengths were made in the ultraviolet to extend the data for Cb 1 
lines from 2100 to 2000 A, and new observations were undertaken 
between 6500 and 8500 A to detect faint lines of Cb 1 masked by 
molecular spectra (presumably due to CbO) when the arc-in-air is 
employed. For tbe latter purpose an inclosed arc was used, through 
which pure helium gas was drawn to remove the ambient oxygen. 
Although this device did not completely eliminate the molecular 
spectra, it reduced their intensity sufficiently to reveal a considerable 
number of previously undetected atomic lines. The latter observa- 
tions were limited to the red and near infrared, because this is the 
range in which the background of masking molecular spectra is most 
intense and is also the region in which combinations of series-forming 
terms are to be expected. The finding of the expected series-forming 
terms led to a determination of the spectroscopic ionization poten- 
tial for columbium atoms (see below). 


2. INTENSITIES AND OTHER LINE CHARACTERISTICS 


Intensity comparisons of columbium lines from are and spark 
sources enabled M oggers and King [4] to make a satisfactory separation 
of Cb1, Cb, and Chim or Cbiv spectra. That assignment of lines 


to Cbi and Cbut spectra has been confirmed for all lines whose 
Zeeman patterns have been observed and interpreted. Although not 
suiliciently precise to test quantum rules, the estimated relative 
ntensities in either spectrum were helpful in grouping lines into 
nultiplets and in intrepreting levels. 
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I. INTRODUCTION 


Structural analyses of columbium spectra began 20 years ago, when 
one of the present authors [1] ' succeeded in finding three multiplets 
in the are spectrum of columbium (Cb1). Two years later the firs 
regularities in the spark spectrum of columbium (Cb 1) were ap. 
nounced [2]. The impossibility of extending such analyses without 
improved and additional descriptive material was recognized, and 
steps were taken to obtain the desired data. At that time the pre- 
cision of the published wavelengths was not sufficient to permit 
finding true “constant differences” in such complex spectra nor were 
the intensity estimates of arc and spark lines reliable enough for dis- 
crimination of ionization stages. The furnace spectra of columbium 
vapor at various temperatures had not been investigated, and 
although the published Zeeman-effect data gave the clue to the first 
regularities in these spectra, they were inadequate for the extension 
of these analyses. 

In 1931 the furnace spectra of columbium were investigated by 
King [3]. In 1936, new descriptions of arc and spark spectra were 
published by Meggers and King [4]. These new data formed the 
basis for a report on multiplets and terms in the first two spectra of 
columbium published by Meggers and Scribner [5] in 1935. In that 
report about 400 Cbr lines were accounted for as combinations of 
sextet and quartet terms, and about 250 Cb 1 lines as combinations of 
quintet and triplet terms. Theoretically predicted doublet terms for 
Cb 1 and singlet terms for Cb 1 could not be established at that time. 
That work indicated that the term analyses of columbium spectra 
could not be concluded satisfactorily without more extensive and 
accurate observations of the Zeeman effect. Several years later the 
unique facilities of the Massachusetts Institute of Technology [6] for 
making such observations with high magnetic and spectrographic 
resolution became available, and several sets of Zeeman spectrograms 
of columbium were made for the Bureau by G. R. Harrison. These 
were measured, calculated, and interpreted during 1940—41, and the 
results served to correct and greatly amplify the term analyses of the 
first two spectra of columbium. Incidental to these analyses, addi- 
tional observations were made at this Bureau on the are spectrum in 
the red and infrared, on the spark spectrum in the ultraviolet, and 
on the Zeeman effect in the visible and near infrared. The presen! 
results for columbium spectra are comparable or superior to those 
published [7] for the corresponding spectra of analogous vanadium, an¢ 
since there is now neither opportunity nor necessity for making further 
observations, this final report on the term analyses of the first tw 
spectra of columbium has been prepared. 

Although columbium was discovered 143 years ago, it is only during 
the past decade that this chemical element has lost its status as 4 


1 Figures in brackets indicate the literature references at the end of this paper. 
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scientific curiosity and found important industrial application. 
Considerable quantities of columbium are now being used as a con- 
stituent of steel [8] and other alloys [9], and since the efficiency and 
popularity of spectrochemical analysis of such alloys is rapidly 
increasing, it may be assumed that this report on the structures of 
columbium spectra will be of interest to practical spectroscopists, as 
well as to theoretical physicists. 


II. OBSERVATIONAL DATA 


The analyses of columbium spectra are based on observed facts, 
consisting of wavelength measurements, intensity estimates and 
other line characteristics, temperature classification, and Zeeman- 
effect data, all of which are collected in tables 1 and 4. The second 
spectrum (Cb 11), associated with four valence electrons, is presented 
frst because it is simpler than the first spectrum (Cb 1) associated 
with five electrons, and because the low energy states of Cb 1 are 
convergence limits of Cb 1 spectral series. 


1. WAVELENGTHS 


Most of the wavelengths shown in tables 1 and 4 are quoted from 
the description of are and spark spectra of columbium published by 
Meggers and King [4]. Their claim that the majority of these values 
had an average probable error of less than 0.005 A was tested and 
confirmed by partial analyses [5] based mainly on the combination 
principle, and os been further verified by the present more complete 
analyses of these spectra. Supplementary measurements of wave- 
lengths were made in the ultraviolet to extend the data for Cb 1m 
lines from 2100 to 2000 A, and new observations were undertaken 
between 6500 and 8500 A to detect faint lines of Cb 1 masked by 
molecular spectra (presumably due to CbO) when the arc-in-air is 
employed. For tbe latter purpose an inclosed arc was used, through 
which pure helium gas was drawn to remove the ambient oxygen. 
Although this device did not completely eliminate the molecular 
spectra, it reduced their intensity sufficiently to reveal a considerable 
number of previously undetected atomic lines. The latter observa- 
tions were limited to the red and near infrared, because this is the 
range in which the background of masking molecular spectra is most 
intense and is also the region in which combinations of series-forming 
terms are to be expected. The finding of the expected series-forming 
terms led to a determination of the spectroscopic ionization poten- 
tial for columbium atoms (see below). 


2. INTENSITIES AND OTHER LINE CHARACTERISTICS 


Intensity eoneonsene of columbium lines from are and spark 


sources enabled Meggers and King [4] te make a satisfactory separation 
of Cb1, Cb, ary, ur or Cbiv spe .ra. That assignment of lines 
to Cbt and Cb spectra has been confirmed for all lines whose 
Zeeman patterns have been observed and interpreted. Although not 
sufficiently precise to test quantum rules, the estimated relative 
intensities in either spectrum were helpful in grouping lines into 
nultiplets and in intrepreting levels. 
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Other characteristics of spectral lines that proved useful in th. 
analyses of these spectra are self-reversals (r or R), hyperfine com. 
plexes (c or cW) and haziness (A or H). 

The absorption spectrum of columbium vapor has never bee, 
observed, and an attempt to find reversals in the underwater spark 
between columbium electrodes failed to give positive results. The 
only information of this type for columbium is that of partial self- 
reversals (r or R) dicarved for certain lines in arc or spark sources, 
That such lines involve the ground state (or low metastable state) 0 
the emitter 1s true without exception in columbium spectra. 

A large number of Cb 1 and Cb m lines exhibit hyperfine structure 
(c or cW) due to nuclear spin, and it was assumed by Meggers and 
Scribner [5] that most of the wide lines (¢cW) involve low levels arising 
from electron configurations with a single penetrating s-type electron, 
as first mentioned by Meggers and Burns [10] in connection with other 
Ram Some of the Cb levels were first found and interpreted on 

is assumption, and in every case of this kind, subsequent observation 
of the Zeeman effect has confirmed the interpretation. A value of 
I=9/2 for the nuclear moment of columbium was found from hyper. 
fine structure by Ballard [11], who from observed intervals derived 
J values of 5/2 and 7/2 for the upper levels of the transitions producing 
5344 A and 6661 A, respectively. This analysis establishes the J 
values in question to be 7/2 and 9/2, respectively. 


3. TEMPERATURE CLASSES 


King [3] assigned temperature classes (III, IV, or V) to 646 of the 
stronger lines of columbium between 3100 and 6900 A, by comparing 
electric-furnace spectra at temperatures of about 2,500° and 2,900° C 
with are and spark spectra. Approximately 200 lines appeared in the 
furnace spectrum, but many éb 1 and all Cb m lines require higher 
excitation. The present analyses of these spectra are consistent with 
these results. 


4. ZEEMAN EFFECT 


To this date the only published observations of the Zeeman patterns 
for Cb lines are those that Jack [12] made 32 years ago. These 
comprised about 100 lines between 2656 and 4700 A, the majority 
being reported as pseudotriplets. Component separations of less 
than 0.6 Lorentz unit were not resolved and lines with patterns less 
than this in total width were said to be unaffected by the magnetic 
field. These observations are credited [1, 2] with having revealed the 
first regularities in Cbr and Cb, but unfortunately they were not 
suitable for extending the analyses. 

In 1939 and 1940:S8everal sets of Cb spectrograms were made 4 
the Bureau’s request,in the Spectroscopy Laboratory of the Masss- 
chusetts Institute of Technology, where high-power spectrographs 
were combined with a magnet producing field intensities up to 100,000 
oersteds to observe Zeeman patterns surpassing any hitherto seen [6). 
With this combination, separations of 0.1 Lorentz unit are readily 
resolved, and under favorable conditions the resolving power may 
attain 0.05 Lorentz unit. 

These MIT spectrograms extend from 2200 to 6500 A, and the 
magnetic field intensities range from 74,000 to 95,000 oersteds. The 
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results for wavelengths less than 4500 A, obtained with long focus 
concave gratings giving a scale of 0.4 A/mm, leave little or nothing to 
be desired, but most of the longer wave data were derived from spectro- 
grams With a dispersion of 3.7 A/mm. The long wave region 5000 to 
3000 A was photographed in the spectroscopy laboratory of this Bureau 
with a dispersion of 1.8 A/mm, the light source being an interrupted 
arc between Cb electrodes in an evacuated chamber between the pole 
pieces of a Weiss electromagnet yielding field intensities of 35,000 
oersteds. These observations were extended to 8600 A by employing 
another grating with a dispersion of 5 A/mm. 

All the Zeeman spectrograms were hand measured at the Bureau, 
and one set of MIT plates was machine measured [13]. Three decimal 
places were calculated for patterns measured on_high-dispersion 
spectrograms, or when the results from different spectrograms were 
ingood accord. All the measurements were reduced to Lorentz units 
on the assumption that Cu 3247 A, Ag 3280 A, Cat 3933 A, Na 
5889 A, or K 7664 A patterns are represented by (0.333) 1.000, 1.667, 
and Cu 3273 A, Ag 3382 A, Cat 3968 A, Na 5895, or K 7699 A by 
(0.667) 1.333. Two or more of these lines appeared on each set of 
spectrograms. 

Although hyperfine structure was obvious in many of the Cb 
patterns, and fully resolved in some, this phenomenon was ignored 
in the final compilation of results. 

Resolved Zeeman patterns of Cb lines may exhibit from 1 to 30 or 
more components, but it is impractical and unnecessary to give all in 
minute detail. The important observed and derived facts Cacenng 
the Zeeman effect are presented in the last six columns of tables 1 an 
4; the first of which indicates the type of pattern according to the 
cdassification of Back and Landé [14], the second reports the separation 
of resolved components, the third and fourth contain values for the 
strongest components of parallel and perpendicular polarization, 
respectively, and the last two exhibit the derived splitting factors of 
the low and high energy levels responsible for the spectral line. Values 
in parentheses are borrowed from other lines. All numerical values in 
the last five columns are expressed in Lorentz units (L=He/4rmc’). 
Some typical Zeeman patterns of columbium lines are displayed in 
figures 1, 2, 3, 4 as 5X enlarged reppodneycns from original spectro- 
grams. A few patterns are somewhat unsymmetrical (see 3824.88 A 
in fig. 2, 4152.58 A in fig. 3, and others marked ‘‘us’’ following the 
Zeeman-type number in tables 1 and 4), but since the splitting factors 
derived from these were in good accord, no further study was made 
of these dissymmetries. 


III. TERM ANALYSIS OF Cbi 
I. LINES OF THE Cb SPECTRUM 


_ The available data for 1,723 Cb 1 lines, characteristic of singly 
ionized Cb atoms, are displayed in table 1, where column 1 shows the 
estimated intensity and character, column 2 the measured wavelength, 
column 3 the vacuum wave number, column 4 the term combinations, 
and the last six columns contain data on the Zeeman effect. Cb 
spark lines definitely identified as belonging to Cb 11 [15] and Cb rv[16] 
spectra are omitted, and also about 60 lines not observed in the arc 
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and appearing very hazy (H) in the spark. The latter could not bp 
classified as Cb 11 and some of them may belong to Cb mr. = The tota| 
number of Cb lines now interpreted as combinations of singlet, 
triplet, and quintet terms is 1,494. This constitutes 87 percent of 
the total number listed in table 1, and includes 95 percent of the total 
intensity. It may be noted that 22 of these lines are doubly classified. 
In these cases the first term combination is the more probable. The 
Zeeman patterns observed for 646 Cb 11 lines constitute the strongest 
evidence for the correctness of this analysis and interpretation of the 
Cb 1 spectrum. 


TaBLE 1.—<Second spectrum of columbium (Cb 11) 
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ot be TaBLE 1.—~Second spectrum of columbium (Cb 11)—Continued 
eet, Intensity | , 4 No. | Term combi-|Zeeman| Sepa- |"*'S)8"| Strongest 
nt of spark air vac. | ne type | ration n v1 
cm~ | 
total ame | 
sified. “7 4 | 5 
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TABLE 1.—Second spectrum of columbium (Cb 1)—Continued 
































| | — 
Wave | ‘Strong- | 
Intensity sate No. | Term combi- |Zeeman ns el | oss Strongest 
spark | ** vac. | nation type | ration . n a | a 
emt Dd | 
1 2 3 4 5 6 7 8 9 i 
| 
BOA 4401. 172 | 22714.86 | b°F:—2°Di | 3 0.29 | 0.58 | 0.85,1.15 0.85 | 11 
Th 4308.55 | 22728. 4 | 
Sh 4396.77 | 22737.6 | a'Gy«—z 5Fi 
BA 4300.63 | 22760.4 ¢*Fi—y Di | 
3h 4374.60 | 22852.8 | a'!Pi—y*Di | 
40h 4372. 645 | 28863.05 | 6'Fi—z*Di| 3 -150 | 476 | (1.150)! 1.990 
100A 4367. 966 | 22887.54 | b*F.—z2 Dj 1 .14 | 0 600 | 1.152) 1% 
20h 4367. 387 | 22800.58 | b*D:—z'D$| 2 .638 | 0 (.681)} 1.319 
3h 4361.34 | 22922.3 ; 
6h 4348, 244 | 22001.35 | ¢*Fi—y *DI 
Be 4329.47 | 23091.0 | b*H.—z?Fi 
50h 4321.49 | 23133.7 | 6°Gs—z*G} 76,3 0 .765 | (.767)| . 7 
40h 4217.72 | 23153.9 | ¢'Gi—y'H} 1 .089 | 0 1. 089 | (1.000 
5h 4312.70 | 23180.8 | a'Pi—y "Di 
7h 4306.99 | 23211.6 | a!P;—y "Di 
Bh 4302.91 | 23233.6 | a 'G«—z FI 
10h 4300. 53 “| 23246.4 | ¢*Pi—z*P§ | 
Sh 4200.45 | 23252.3 | a*Ds—z ‘FI 
2h 4206.44 | 23268.6 | b*Hs—2 Fi | 
4 4295.71 | 23272.5 | b*Fs—z *Fi 
| 
2h 4200.85 | 23801.6 | ¢*Pe—y Dt ’ 
12h 4274.87 | 23386.0 | b*Gi—2*Gi 3 15 1.03 | (Lor 
5h 4260.92 | 23413.1 ¢ *P:—z *Pi 
20h 4267.65 | 23425.5 | a'Gy—z "DI 
Bh 4266.27 | 23433.1 | b°Gs—z*Fi 
4h 4257.19 | 23483.1 | @*Ds—z 'Fi 
30c 4254. 392 | 23498. 53 | a *Ds—z *D} 
5h 4254.05 | 23500.4 | a'Gi—z'Di 
15h 4220. 598 | 23686.68 | 6 *F:—z Fi 3 119 . 356 (1. 150)} 1.280 
30h 4218.53 | 23608.3 | b'Fi—zr'Fi 
5Oh 4216. 228 | 23711.23 | 6 *Fi—z Fi 1 -113 | 0 .800 | 1.130] 12 
20 4214.81 | 23719.2 | ¢*Pe—z*Pi 7a 0 1.22 oo | 12 
2h 4202. 880 | 23786.5 | d*Po—y'Pi 
8h 4199.23 | 23807.2 ¢*Fs—z '*P} 
104 4193.80 | 23838.0 | 6°F:—z ‘Fj 2 .175 | 0 (1. 150)} 1.925 
1 4189.47 | 23862.7 | b°Fi—2°Fi 
2 4189. 312 | 23863.57 | ¢*P:—y *Pt ‘ 
50h 4185.54 | 23885.1 | ¢*P,—z'P} 2 0 1.28 | (1.218)) Low | 
7h 4183.39 | 23807.3 | a *Ds—z 'Fi | | 
2 4181.52 | 23008.0 | a*D:—z Fi | 
| x 
6h 4178.40 | 23925.9 | 6°F:—2 ‘FI 2 0 1.563 | (.849)) 18 
5e 4177. 873 | 23928.90 | b *Ds—y 'D} 
6h 4172.54 | 23950.5 | 6'F:—z'D} 
100¢ 4156. 678 | 24050.91 | b°Gs—z4Gi| 3 .2 1.214] (1.19)| 12 ‘ 
4c 4148. 550 | 24008.03 | 6 *Dy—z *PT | 
4c 4146. 989 | 24107.11 | 6 *F:—z 5D} 
Oh 4140.59 | 24144.4 e*Ps—y *Fi 
2 4138.91 | 241542 | b*Gi—z 4G} 
10h 4138.46 | 24156.8 | 6 °F:—z ‘Fi 
3A 4136.72 | 24167.0 | ¢*Pi:—y Pi rT 
x 
20h 4126. 180 | 24228.7 | 6°G:—z *Fi 
2h 4122.03 | 24253.1 beets C 
2) | j 
10h 4119.74 | 24266.6 (cape apy 7 4 
100A 4119. 284 | 24260.24 | @'Hs—z'H}| 76,3 0 1.005 | (.902)) 1.018 % 
10h 4115. 507 | 24200.98 | ¢*Ps—z'Fj 1 .38 | 0 (1. 468)) 1.08 ri 
10h 4114.56 | 246207.1 | 6*Ds—y*Dt| 2 198 | 0 lain) mom 4 
8h 4110.81 | 24319.3 | d3F;—w*Di : 
20h 4110.32 | 243222 | @*Ds—z *Fi 3 | .07 1. 26-+| (1.246), 120 10 
4h 4109.00 | 24330.0 | ¢*Fi—z'Fi 5 
2h 4106.90 | 24341.9 | b'Ge—z*Fi F 
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TaBLE 1.—Second spectrum of columbium (Cb 1)—Continued 
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TaBLE 1.— Second spectrum of columbium (Cb 1)—Continued 























| Wave | Strong- | 
Intensity TT | No. Term combi- |Zeeman;| Sepa- est Strongest | 
spark ale vac. nation | type | ration | n 91 0: 
em-! | | ?— | 
| j 
1 | 2 | 3 4 | 5 6 7 | 8 W 10 
| is Dean 
3 3955.55 | 25273.8 | a9Gs—z D3 
5h | 3063. 524 | 25286.76 | 6 *Di—y "DI 
100h | 3052. 367 | 2520416 | b°F;—29F3 | 2 0.458 | 0 2.065 | 1.149) 0,601 
Uh | 3049.70 | 253112 | ¢*Fi—y 2Fi 
60h | 3949. 451 | 26312.84 a@'Ge-29Gh | 2 | .154| 0 1. 86 | 1.000 | 1.24 
5h | 3048. 433 | 25319. 36 | ¢*P:—z*St | | 
4h | 3042. 905 | 25354.86 | 6 'Ds—z *Dt 
100A | 3038. 547 | 25382.91 | b'Fi:—z'Gi | 7 | 0 1.007 | (1.010)! Low 
150¢ | 3936.02 | 253002 | b Ee— 2 5 | 3 | .26 B4 | (88) | 8 
. | fo 'Da—z *D} | | | 
30h | 3031.79 | 25428.5 ho ins —y 1Gt | 
2 | 3031. 500 | 25427.83 | ¢*F:—y PI 
10h | 3930. 022 | 25437.97 | ¢*P2—z 5F} | 
2 | 3025. 622 | 25466. 48 | b *Di—z2 *P% | 
2h | 3924.02 | 25476.9 | ¢®Fy—z *Fi | | 
10h | 8021.34 | 254043 | d Fy—2 9G) | 
30h | 3020. 754 | 25498.10 | d*F;—z 9G] | | 
100 | 3019. 718 | 25504.84)a%Ds—z*Fi | 3 | .300| .620 | .601,1.000 | 1.000) 61 
lh | 3915.64 | 25531.4 | b'D2—w'D} | 
2h | 311.036 | 25561. 45 
6h 3909. 331 | 25572. 61 | 6 *D:—z *P4 | 
| 
4 | 3909. 739 | 25576. 48 | b *Hs—z *H} | 
5 | 3900. 547 | 25630. 19 | a *Ds—z2 9G} | 
200 | 3898. 202 | 25645.02 | 69F:—29Gi| 1 | .076| 0 943 | 1.147] LOM 
5A 3804. 564 | 25660.5T | b*Fy—z 9G} | 
1c | $887.32 | 20717.4 | @ *Ps—2 9D | | | 
| | 
200¢ 3879. 350 | 25770. 24 | @ 'Gy—z *Fi | 
+ 70. 936 | 25826. 25 | c'Gy—z ' Fi | | 
6A 3870.60 | 258285 | d?Fi—y'D3 | 
100h | 865.019 | 25865.79 | a*Di—z*Fi | 2 18 |} 0 4 9 
150, E 3863. 056 | 25878. 93 | b *Fy—z 9G} 4 | 0 615 | (.849)| .7 
4 3856, 704 | 25021.55 | a 'P;—2 28 | 
50h 3855. 500 | 25920.65 | a*Ds—2°F} | 2 | .560| 0 2.366 | 1.246 | .68 
4h | 3855.07 | 25982.5 | b*Ds—y 9G? | 
6h | $852.63 | 25040.0 | a@*Gi—z4D}| 1 | .2% | O (1.052)} 1.312 
3h | 3850. 056 | 25066.31 | b *Ds—y *Fi 
| | } | 
8h | 3843. 307 | 26011.30 | ¢2Pp—2 9ST | 
10 3841. 666 | 26022.92 | 6%De—y*Pt| 1 | .587/ 0 588 | 1.175) 172 
lh | 3840.16 | 26083.2 | ¢®Pi—z 583 | 
200, V E | 3831. 840 | 26089.75 | b*F:—2°F; | 3 | 17 | 1. 12s | (1.150)) 1.080 
We | 3830. 601 | 28098.19 | 6*Hy—z*H} | 2 15 | 0 | (.880)} 1.63 
| | i | 
6h 3829, 221 | 26107.59 | a 'P:—y 3P§ | | 
40 $828. 242 | 2611427 | b°F.—29F} | 2 | 0 1.33 | (1.152)} 1.00 
5h 3824.17 | 26142.1 6 'Ds—z *PT | | 
4h 3824. 00 26143.2 | b*He—z*H} } | 
2 3821.72 | 26158.8 | 6°Gs—z'D3 | | 
200, V EB | 3818. 862 | 26178.40 | 6°F,—29F3| 3 | .156| .312| .602,.847 848 | 602 
: | 3811.41 | 26229.6 | 6 *Ds—y *G3 
2h | 3800.27 | 26244.3 | ¢?P:—w FS) 
4h | 3808.10 | 262524 | 6 'Ds—z2 3G4 
1 3805.23 | 26272.2 | a'Hs—y *Hi | 
. 
100,V E — | 3804. 733 | 26275. 62 | b*Hs—2*Hi| 3 .078 1.035} (1.052)) 1. 086 
10 3804.01 | 26280.6 | @*Ds—z9Gj | 1 .173 | 0 . 544 1.236 | 1.00 
80 | 3801. 146 | 26300.42 | a@*Ds—z'F} | 2 093 | 0 1, 27 991 | 1.084 
6h 3795. 527 | 26339. 35 
30h 3792.79 | 26358.4 | | | 
’ 
5 3784.88 | 26413.4 | a9F:—z'G3| 2 | .195 | 0 | (.712)) .W 
200 | 3781. 379 26437.00 | 63Fi—z9Gi | 2 1‘ @ > 1.54 | (1.152), LB 
20h | 3779.57 | 26460.6 | b9Ds—2'FE| 1 | o | .92 (1.171)| 1.08 
2 | 3778.50 | 26458.0 | a *Ps—z*D} | } 
30h, E | 3770. 66 | 26513.0 | d°F:—0 5F3 | 
5h 3764. 641 | 26555. 44 | 6 *Di—y *PT | 
8A | 3763.13 | 26566.1 | ¢#P3—w #F} 
3h | 3762.99 | 26567.1 | 6 *Ds—y *Gi | 
2h 3762. 064 | 26573.63 | d#Fi—o *F} 
2h 3761.32 | 26578.9 | 4*F.—0 *Fj | 
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TaBLeE 1.—WSecond spectrum of columbium (Cb 11)—Continued 
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TaBLE 1.—Second spectrum of columbium (Cb m)—Continued 



































Wave Strong- 
Intensity ys No. Term combi- | Zeeman) = ent Strongest 
spark ad vac. ation type n 

em-t P 

1 2 3 4 5 6 7 S 

30 9620.47 | 27544.4 | @'Hy—2 1 2 0 1. 280 
2 3628.70 | 27550.2 | a*G:—z "D3 
40 3628. 180 | 27554.20 | a@'Hs—w'Fi| 1 0.100} 0 . 584 
3h 3622.90 | 27504.4 | 6'Ds—e *Fi 
3h 3622.49 | 27507.5 | 6 *Ds—z "Fi 
6h 3620.57 | 276121 | @*G.—z2 "Di 
100e, V E 3619. 729 | 2761853 | 6°Gi-z*Hi| 2 0 1.06 
200, V E 3619. 514 | 27620.17 | @*Fs—z*D}| 1 0 . 983 
4 3618.89 | 27624.9 | a*Ps—2z*DI 
3h 3614.88 | 27655.6 | 6 *Di—y *H} 
4 3613.25 | 27668.1 | 6'Gi—y D3 
3 9611.39 | 276823 | d*Fi:—y ‘Fi 
6 3609. 362 | 27697.86 | a'Hs—y*Hi| 2 .133 | 0 
15 3607.01 | 27715.9 | a *Hs—z 5Fi 1 276} 0 
2h 3606.35 | 27721.0 | 6*Ds—z Si 
8h 3604.66 | 27734.0 | 6 *Py—2 "Di 
40 3501. 197 | 27837.95 | @*He—z "Fi | 1 19 | 0 21 
10h 3588.02 | 278626 | ¢#F:—z'Pt 
50h 3586.75 | 278725 | 69Fi—z'H}| 2 122] 0 1. 506 
3h 3584.33 | 27891.3 
4h 3580. 27917.4 | 6 *Hi—z ‘HI 
2 3578.38 | 27937.7 | b°G«—y Dt 
10 3574, 202 | 27970.32 | b *P;—y *D 
30 3568. 23015.0 | a*Fs—z*D}| 3 431 | .850} . 709, 1.142 
40h 3568. 001 | 28018.93 | a *Hy—z *Fi 
40h 3566.10 | 28033. 9 
3h 3565.68 | 28037.2 | o'Fi—y *Pi 
i 3565.23 | 28040.7 | ¢#Fi—y'Gi 
15h 3564. 075 | 28049. 79 | 6 *Hs—z Hi 
4 3561.88 | 28067.1 | 6°G;—y "Di 
5 3560.47 | 28078.2 | @'Gi—z2 "Hi 
6h 3559. 893 | 28082.74 | @ 'P:—z'PT 
60 3559. 592 | 28085.12 | @'Hs—y!G3| 2 0 117 
6h 3554.14 | 28128.2 | ¢#Fi—z Dj 
4 3551. 102 | 28152. 26 | 6 "H.—y *Gi 
4h, V E? | 3548.08 | 281762 | ¢*#Pe—z DI 
15h 3544. 346 | 28205.92 | ¢#P;—z *D} | 
50 3541. 247 | 28230. 68 | a *D:—z 'D} 
20, VE 3540. 961 | 28232.88 | a@*Fi—z*Dj| 1 0 9 | G. 
6h 3530.11 | 28247.6 | ¢*Pe—z*Di 
0, VE 3537. 625 | 28250.50 | a@*Ps—2'*D}| 3 .312| .621 | 1.145, 1. 458 
50 3534. 215 | 28986.77 | ¢*Fi—z 4D} 
20 3534. 114 | 28287.58 | d *Fy—w 4G} 
104 3534.05 | 28288. 1 
20 3528, 890 | 28329. 46 | b *He—y *G1 
30 3528. 474 | 28332.79 | 6 *Hi—z 'Fi 1 .203 | 0 . 266 
5 3528.09 | 28335.9 | 69G:—y "Di 
8e 3527.024 | 28344.44 | d *F.—w 4G} 
50h 3525. 986 | 28352.79 | ¢*Pr—w'*Dj| 1 .157| 0 . 986 
10h 3522. 368 | 28381.90 | 6 'D:—527} 
5h 3521. 590 | 28388. 10 | b *Ds—tw *F3 
DA 3521.14 28391. 8 ¢ *Fy—w Dj 1 0 1.06 (L. 
5h 3519.66 | 283403.7 | 6 *Ds—w Fi 
150 3517. 670 | 28419.81 | b'Ge—y*D3| 1 083 | 0 .70 
200¢, V E 3515, 421 | 28437.90 | a*Gs—2°G}| 7 0 765 
2e 3514.02 | 28449.3 | 6 *Hi—y *G 
400, V E 3510. 262 | 28479.78 | 6°Gs—z "Hi | 76,2 0 1.118 
be 3505. 992 | 28514. 47 | a *Hy—z *Fh 
15 3501.32 | 285525 | b'G«—z 5P} 1 623 | 0 . 930 
10h 3500.74 | 28557.3 | ¢ *Ps—500} 
30¢ 3490.93 | 28563.9 | b*Ds—2'Gi| 1 .228 | 0 . 401 
30¢ $496. 027 | 28595.75 | ¢ *Fi— 7 0 1. 24 
20 3491. 806 | 28620.57 | b*Pre—y*D3| 3 | .25 50 | 1.24, 1.49 
10 | 3400. 418 23641. 70 | ¢#Fs- 2 *D} 
0,VE 3480. 003 | 29652 57 | a@*F;—2*Dj! 3 | .240 722 | 1.068, 1. 308 
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TaBLE 1.—Second spectrum of columbium (Cb 1)—Continued 


















































} | 
Wave | | Strong- 
Intensity » A No. | Term combi-|Zeeman;| Sepa- est Strongest 
spark oir vac | nation type | raton Pp n } 
em | | | 
i | oe a 
1 2 3 4 5 | 6 | 7 8 9 
} Se 
3h 3408.49 | 29373.2 | b°Gs—z'P3 
2h 3402.81 | 29379.1 | ¢#Fi—z Gi 
20 3402.02 | 20885.9 | ¢*Pp—w'Dt| 7a 0 0. 613 
10 3401. 231 | 29392.72 | 6°G,—2'H}| 7b 0 1.067 | (1.027) 
30,V E 3399. 714 | 20405.83 | 6°P;—z°*P? | 2 0.244} 0 1. 732 
5A 3397. 516 | 20424.85 | a 'Hs—z *G} 
10h 3397. 319 | 29426. 56 
50h 3306. 365 | 20434.82 | ¢*Fy3—z*Fi 
15 3395.72 | 20440.4 | 63P;—z*PT| 3 . 281 284 |1.224, 1.501 
60 3394. 978 | 20446.85 | a'Dy—z'D} 3 207 602 | 1.008, 1.302 
10 3393, 810 | 20456.98 | @*F;—25F3 | 3 .314| .628 
4h 3392. 475 | 20468. 57 | 6*Ds—y 'Gi 
9 3391. 504 | 29476.23 | a?Fy—z 5F% 
30 3389. 939 | 20499.32 | a*Gy—24G}| 2 .1890 | 0 1. 960 
250, V E 3386. 243 | 20522.81 | @*Hs—z*Gi| 1 0 .962 | (1 
10¢ 3383, 302 | 20548. 47 
40h 3382.44 | 20556.0 | 6*Ds—z*D} 
150 3380. 934 | 20569.17 | 6°Gs—y*G7| 2 | 0 140 |G 
60 3379. 300 | 20583. 46 |b 'Gy—z 1F4 1 .140 | 0 515 | 
Ge 3377. 375 | 20600.32 | 63P,—z 'Pi 
50 3374. 252 | 20627.72 | a*F:—2'F2 | 2 253 | 0 2.087 | 
20h 3374. 087 | 29629. 17 
120, VE 3372. 565 | 20642. 54 | a9Gs—z*Fi 1 0 86 | (1. 
30 3370. 609 | 29659.74 | 6°P\—z2z3P$ | 7a 0 1.510 | 1. 
50 3370. 154 | 20663. 74 | d?Fi—w 9G} 
10, VE 3369. 155 | 29672.58 | b°G.—y2G?} 3 .10 40 1.074 | 
100 3365.94 | 29700.9 | 6*Di—z'Pt| 3 244) 0 
10 3368, 883 | 29701.38 | a*Py—2 'F3 
100, V E 3365. 504 | 20703.93 | a*Fy—z°F3 | 2 126} 0 1.864 | 1. 
20h 3362 17 | 29734.2 | ¢*Fi—z°Gi| 2 0 42 |. 
100 3360. 904 | 29745.38 | a'Fi—z'Gi| 2 0 1. 293 | ( 
2 3357. 156 | 20778.60 | a 'Hs—z°Gi 
3h 3355.92 | 29789.6 | ¢#Fs—z?P% | | 
1h 3355.67 | 29791.8 | 6'Ds—e Di 
5,VE 3353. 500 | 29810.97 | a*Dr—y*D3|} 3 | .222| .444 | (1. 
5h 3352. 828 | 29817.03 | ¢#F:—z*Pt 
3h 3351.8% | 20825.5 | a*Hy—z*G} | 
3h 3350.41 | 20838. 5 
100 3349. 351 | 20847.98 | a'Gu—y*D3| 2 0 11s | (1 
15 3348. 787 | 29853.01 | 6 *Gi—z'F3 
20 3348.28 | 20R57.5 a'P\—2°Pt | 7a 0 1. 120 
30 3346. 7 71.09 | a*Fs—2°Fi | 2 .555 | 0 2. 381 
20¢ 3346. 286 | 2875.32 | 6 *H.—y *Hi | 
8A 3344.25 | 29803.5 | 69D:—z 9D} | 
80 3343. 967 | 20896.03 | a*Fi—z'D}| 1 | 235 | 0 .53 
6 3343.00 | 20808.6 | @*F:—2 Dt | 
5 3343.28 | 29002.2 | 69F,—z2°H! 
inn, VE $341. 612 | 20017.10 | @*He—z*Gi| 1 | 0 , | a 
60d $340.45 | 20027.5 | c*Fr—-r°G} | 2 0 1.05 | 
4h 3340.18 | 20929.9 
3 3338.38 | 20046.1 | a 'Ie—z HI | 
2h 3337.20 | 20056.7 | @*Ge—z2'Fi | | 
5e 3335. 669 | 29070.40 | a *Fy—z2 *D} 
10¢ 3335. 244 | 20074.22 | a'Fe—z'Di| 1 .73 | 0 Q 
8 3334.82 | 20078.0 | 6*Ps—y "Di | 
Re 3334. 529 | 29080.65 | a 'G«—z "PI | 
20h 3320.16 | 30029.0 | 
3h 3327. 246 | 30046.28 | d*F-—r'F3 | 
7,E 3326.54 | 30052.7 | 6 *He—y*H? | 
20h 3325, 436 | 30062. 63 | | 
4h 3325.21 | 30064.7 | ¢*Fs—y'Di | | 
50 3324. 661 | 3060.63 6°Di—2'Di| 3 | 1.300 | (1 
30 3324. 555 | 30070.60 | b°Gs—y "Gi | 2 | .358| 0 2.201 
30 3323. 900 | 30076.52 | b'Ge—y*Fi | 3 | «.155 | .622) 
3h 3323.22 | 30082.7 | 6*D:—w "Di 
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TaBLE 1.—Second spectrum of columbium (Cb 1)—Continued 
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TaBLE 1.—Second spectrum of columbium (Cb m)—Continued 









































| | 
Wave 
Intensity | , 4 No. | Term combt- |Zeeman » rete Strongest 
spark ot vac. nation type Le ° n 
em-! 
1 2 3 4 | s 6 7 8 
| 
150¢, V EB 3247. 478 | 30784.28 | @*F:—z 9G jai, 
6 3246.69 | 30791.7 | 62G:—zr*Fi 4 
5 3245.07 | 30807.1 e'F,—e *Fi 4 
30 3244. 515 | 30812.39 | 6°9F:—y'Di| 3 0.494 | 0.996 10. 850, 1. 338 9 
6 3243.83 | 30818.9 | ¢*Fs—o'Fi 2 
40 3242. 532 | 30831.23 | a'Gi—y 9G3| 3 | .16 1.104 0 
8 3242. 423 | 30822. 27 | a *Ds—y *D} ” 
40 3241. 818 | 30838.02 | b *Hs—z "13 3 .188} .94 wo, 
3 3241.29 | 30843.0 | 64F:—y *Dt 3 
2h 3239.23 | 30862.7 | b*Di—z Fi é 
80, V E 3238. 020 | 30874.19 | a *Ps—z'D} 2 
60 3237. 690 | 30877.34 | b°Gs—y *F3| 3 .36 | 1.10 4 
300r, V E 3236. 403 | 30889.62 | a §F:—z 4G} 3 .328 | .984 | . 921, 1.246 ~*~ 
2h 3235.78 | 30895.6 | 6*Ds—z Gi ” 
5h 3232.79 | 30924. 1 0, 
l 
40 3230. 243 | 30948.52 | b°Fi—y*D3} 3 -107 | .34 | 1.033, 1.138 
100, VE 3229. 567 | 30955.00 | a*Ps—z*D} | 76 0 1. 465 6h 
6 3228. 953 | 30960. 88 | 6 *Hs—2z 'G} 1 0 . 956 1 
6 3228.47 | 30065. 5 1 
6 3227.69 | 30973.0 | }°F.—y "D3 ah 
500c R, V E | 3225. 478. | 30004.24 | a'Fi—z°G}| 2 3 1 0 .72 
100, V E 3223. 332 | 31014.87 | a*Fi—2°Gi | 3 -156 | . 627 |1. 076.1. 234 WOR 
50 3222.065 | 31027.07 | a'Ds—y*D3|} 3 220 432 |1. 002. 1, 226 10 
Be 3221. 655 | 31031.02 | 6 *Hi—y *H3 4 
4h 3220.48 | 310423 | ¢*P:—y Si s 
2 3219.55 | 31051.3 | a *Hi—z2*Fi 
3h 3218.98 | 31056.8 | @*Py—z'Di 10 
60¢ 3217.00 | 31075.9 | 6 *He—y *H} 3 
2 3216.47 | 31081.0 | 64F:—y "Di 0 
6 3216. 193 | 31083.71 | a *Fi—z *F3 2 38 | 0 1.84 ie 
W 
300cr, V E 3215. 505 | 31089.49 | a'Fi—2'Gi| 3 .199 | . 792 |1.145, 1.346 
5h 3215.00 | 31095.2 | 6*D»—z*P3 th 
3 3213.91 | 31105.8 | a*Pi;—z'Ds 7 
10 $212.14 | 311229 | 6*Ds—z *PI 76,1 0 1.151 | (1.171) ry 
2 3211. 814 | 31126.00 | 6'Gy—y *H3 | 70,3 0 .954 | (. 950) " 
2h 3211.63 | 31127.9 | @1Gi—y *Gi 
3h 3211.40 | 31130.1 c'F:—y 'Pi irs, 
4 3210.20 | 31141.7 | 6°P:—z'Fi 1 -383 | 0 . 330 r 
40¢ 3208. $1157.41 | 64Hi—w *Fi} 3 .2 91 87, 1.10 4 
3 3208. 409 | 31159. 12 | 4 *Ds—y *Di Kd 
. $208.10 | 31162.1 | ¢*F:—o*Fi 
2 3207.56 | 31167.4 | a*D;—z*P3 4 
2 3207. 341 | 31160.50 | a *Pe—z 5FT 7a 0 .185 100 
300ra, VE | 3206.350 | 31179.14 | a@*Fi—2°G$ | 2 0 . 87 2h 
100¢ 3204. 973 | 31192. 53 | 6 *Hs—2z "Ij 3 u 6 1. 10+ : 
150 3203. 357 | 31208.26 | b*Hs—y*Ht| 3 .06 1. 04+ 
10h 3203. 148 | 31210. 30 2 
3 3201.66 | 31224.8 # 
1 3200.78 | 31233.4 | 6 *D»—z *G4 fi 
1 3200.69 | 312343 | b*F:—z°Pi : 
3h 3200.24 | 31238.7 
4h 3199.88 | 312422 | ¢#Fi— 100e J 
2 3198. 227 | 31258.32 | 6 *Pa—y 1 .450) 0 .101 
20h 3197.28 | 31267.6 We 
3 3196.17 | 312784 | ¢*Fi—o *FI = 
2 3195.96 | 31280.5 | b°F:i—y*Di 
5 3195. 216 | 31287.77 | a *Pi:—z §Df 10 
700R,V E | 3194.983 | 31290.06 | a *F:—2 5G} 1 -083 | 0 . 742 be 
30¢ 3194.27 | 31207.0 | a*Pa—y*Di| 2 .435 | 0 2. 258 We 
3 3193.47 | 313049 | 6°Fi—y "Di : 
2 3192.39 | 31315.5 | ¢*Fi—y ‘HI 
3 3192.16 | 31317.7 | @1Se—z'Pt 
250,V E 3191. 427 | 31325.45 | 6 *Hs—z "1h 7b, 2 0 1. 057 
We VE 3191. 096 | 31328.17 | a'Fs—z*°Gi| 3 .16 .80 1.314 
0 3190.44 | 313346 ' 6 *Hs—w *Fi 
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TaBLE 1.—~Second spectrum of columbium (Cb 11)—Continued 
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TABLE 1.—Second spectrum of columbium (Cb m)—Continued 












































Intensity | b+ ip bi bad | Se otrone- Strongest | 
ntensity 0. erm combi- | Zeeman I 
spark | »sirA vac. | nation | type ration | = n n n | 
| onrt p 
| | | 
| } | | i he Shao — 
1 eS ee ee | 4 a; & |} 6 fre 8 9 10 
| | 
| | =, al 
30 | 3113.17 | 321123 | b°F;—z'Fi | 3 0.16 1.120 | 1.146) 1.0% 190 
5 | 3111.63 | 321282 | 6 *Gy—w tFi 10 
20 3110. 900 | $2136.78 | b°Fi—z'Fi | 2 0 1.2 | (1.15) | 1 15 
80 3106. 980 | 32176. 29 a'Ds—y 'Fi 3 0. 268 . 540 |.738, 1.0038 | 1.004 1% 10 
10 3106. 520 | 32181.05 | 6°G,—2 "13 | ri 
2 3104.62 | 3200.7 | b9Gs—21G4 130 
~ 3104.27 | 32204.4 | b°G;—w'!Fi| 2 0 1,01 (.767)| 64 10 
4 3103.26 | 32214.9 | d*P:—u Di x0 
20 | 3101. 918 | 32228.80 | b°Fs—y?Gi| 3 13 .39 (1.150)! 1.02 r 
20 3100.79 | 32240.5 | a*Fy—z*Fi 3 .09 1.246 | 1.233) 1.2% 40 
50 3100.25 | 32246. 1 ” 
100, VE 3009. 180 | 32257.27 | a'Frez*Di| 2 .579 | 0 1.578 | .99! 4 fi 
10 3008.47 | 32264.7 | a4*Gy—z*Hi 3 24 96 | (1.052 8] 10 
3097. 115 | 32278.78 | a@*Ps—y*D3| 2 ‘34; 0 | 2200 | Leer) 139 x0 
2000cR, VE | 3004.172 | 32300.47 | a'Fs—z*Gi| 1 0 | 90 | (1.39) | (a 2 
6 3092. 32322.9 | a *D:—z'Fi 0 1.23 | (1.002)! 10 # 
3 3089. 110 | 32362.42 | b *Di:—y 'Di 2 .20; 0 | (681) 971 0 
90 3087. 860 | 32375.52 | a4 'Ds—y "Di 76,2 0 1. 053 (1.003)| 1.028 10 
20h 3086.09 | 323041 | d°F:—u*F3| 3 .2 .58 | (70) | .9 mt 
2 3084. 760 | 32408.05 | b 'Ga—w Fi | 5 
50 3084. 369 | 32412.16 | 6 *Ps—z 483 3 465 | .936 |1.480, 1.943 | 1.480) 1% 8 
30¢ 3083.32 | 32423.2 | d*P:—u *Di | 3 
40 3081.77 | 32439.5 | a*Ds—y*G3| 2 0 1.034 | (1.002)) 1018 5 
8 3081.09 | 32446.7 | b*Pi—2z 983 3 
100 3080.345 | 32454.50 | a*P:—y*Di| 2 .687 | 1.176 | 1.223, 1.808 | 1.810| 12m 
10 3077. 44 32485. 1 @ 'Se—z *DI 7a 0 83 | 0/0 3 00 
200 3076. 864 | 32491.21 | a *Fs—z *D3 0 1.478 | (1.248)) 1.13 7 
lh 3076.23 | 32497.9 | ¢#Ps—r "Dj ’ 
10 3075. 250 | 32508. 27 | a 'Ds—z 'Pi 2 .562) 0 2600 | 1.004) Li P| 
5 3074.27 | 32518.6 | a *P:—z*Fi 1 360 | 0 6 | «O14 | 1 A 
») 
50 3073. 232 | 32520.61 | a*F:i—z*Di| 3 .418 | .418 | 0.00,.417 0.000} 418 15 
60 3072. 502 | 32537.34 | a *D,—y 'Fi 2 23 0 . 6 0 3 3 
10 3072.18 | 32540. 7 2 
90¢ 3071.55 | 32547.4 | a *Ps—y "Di x 
40 3071.18 | 32551.3 | 6 *Gy—y ‘Hi 
80 | 3070, 893 | 32554.39 | @ 'Gs—y "Hi x 
100 | 3060.68 | 32567.2 | a@*Di—y*Gi| 1 .132 | 0 .730 | 1.258) 11% ‘ 
5 | 3060.51 | 32560.0 | 6°F:—y'Pi fi 
5 3068.93 | 32575.2 | b*Ds—o Fi i 
20 3068.06 | 32584.4 | b*Ds—o *Fi 0 97 (1.171)} 1 ' 
20 3067. 523 | $2590.15 | 6 "Ds—o *Fi 1 0 1.14 (1.312)} 1.2 : 
4 3066.49 | 32601.1 | a*Ds—y *Fi 
0 3066.09 | 32605.4 | b°Fi:—y Fi 1 0 1.04 (1. 150)} 1.12 1H 
100¢ | 3065.26 | 326142 | o *Ps—z §Pt 1 “410 1.38 82 | 22 Pi 
250r | 3064. 530 | $2621.98 | a*G;—z*Hi| 2 0 .87 (.765)| ; 
120 3063. 782 | 32620.94 | 6°Fi—y*Fi| 3 19 LO7+ | 1.05 | Li | 
40 3063. 126 | 32636. 93 | @ §P,—y *Di 1 1.238 | 0 2.476 | Lm 
10 3061.95 | 32649.5 | @*Gs—z*H}| 3 136} .744 (1. 180)| 1.04 ’ 
5 3061. 408 | 32655. 25 eas 
¢*P2—e *Di 
4 3060, 844 | 32661. 26 {fDi tPh | : 
20 9059, 204 | 32677.81 | b°Gi—w *Fi| 3 .% 1.064 | 1.03 | 10 wi 
3 | 3068.62 | 32685.0 | Bi ce t 2 
12 | 3067.03 | 327020 | b°Gs-2'Gi) 2 | .325/ 0 | _(.767)) 1.082 3 
200 | 9055. 520 | 32718.17 | 6°Gs—y Hi} 1 | | 0 9 | (1.19) | LM 
90 | 3053. 631 | 32738.41 | b'F:;—y*FF | 3 | | .08 1.138 | 1.152) 1 im a 
| | | 
15 3051.34 | 32763. 6 *F.—y 'Fi | 0 2 =| (1.152); LB mu 
40¢ | 3049. 528 | $2782.45 | a*Ps—y'*Di| 3 . we .93 | 1.37, L&4 1.83 1% + 
5 | 3048.63 | 32792.1 | @*P)—z *Fi | | 
80¢ | 3048.21 | 32796.6 | @*P;—z5Pt | 3 © | .2 | 2.26, 2.46 24 | 2% 
6h | 3046.67 | 32813.2 | @*Ps—y*Dt | 
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TaBLE 1.—Second spectrum of columbium (Cb 1)—Continued 
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nation 


| 


Zeeman 
type 


\Strong- 
Se | 
ration | est 


Pp 





} 


10 








REBES REZEE EBEES SEED 





S2Se5 RENEE BSysy sees 


32879. 4 


32887. 16 | 


33107. 7 
33111. 7 


33113. 2 
33115. 54 
33121. 5 
33144. 8 
33148. 8 


33157. 6 
33164. 04 
33173. 1 
33205. 38 


b *Fy—y *G5 
6 *Fs—y *Fi 





6°Fi—y *Pi 
a*Ds—2z *Fi 
a*Ds—2 481 


a §P3—z 'Pi 
a *F3—2'D} 
b'Gy—y 'Gi 
c*Fy-—w 1Gi 
a *G,—2 *HI 


a *P\—y *Di 
6°Fs—z' Fi 
¢ *F3—0 *D} 
a *Fy—z*Di 
6 *Hy—z *Gh 


c*F3—w *Gi 
a *P3—y 'Di 





a*Hs—z*Hi 
6 *He—z *HI 
b*Gs—w Fi 


| 6°Hy—z Fi 


b°Gs—y 'Gi 
b*Di—o Fi 
a'!Ds—y Pi 


6 *F:—y "Gi 
b*Hy—z 3G} 


d*Fy—u 'Fi 
4 *Fy—u *Fi 


a 'F\—z '*Di 


6 *Hs—z *G} 
6*G.--y 'Gi 


a*D:—z *Fi 
a *Ps—z Pi 
a*Di—2z 38} 
6 *Hs—z *Fi 
@ 'So—z *Pi 


a*D:—z *F3 
a 'Py—y *Di 
c*Fs—w *Gj 


a'Gi—2 "BB 
6 *Da—y ' Fi 





¢ *F:—e *Di 
| @'Hs—w *Gj 


@*Hi—2z *Hi 
@*Ds—y 'Fi 
a *Fy—2 Fi 
a §P3—2 §P} 
a'Di—y *Fi 


a SP\—z Pt 
a 'F3—o *Fi 


| @*P3—2 *Pj | 


| @'Ga—2'Gi 


¢ *F:—0 *D} 

a *Di—z *Fi 
| 6'Ds—u 5 FI 
| a@*Ds—y *Pi 
| ¢*Fy—o *Di 


























| (1.052) 


2. 473 
- 85 
(1. 350) 


. 667 
1.810 


| (1. 154) 





1. 160 
.73 
1. 





496 Journal of Research of the National Bureau of Standards 





TaBLE 1.—Second spectrum of columbium (Cb 11)—Continued 
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Wave Strong- 
Intensity eeu No. Term combi- |Zeeman — est Strongest | 
spark alr vac. nation type n n 
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a *P\—2z Pi 
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ceoceo Ss S&S SS 


003) 


2 


152 


5 


SEs SEEEE EERE 332 
eee: £53 


a *Hs—z *HI 
a'Fy)—e 'Fi 
a *F3—z'D} 
a *Fy—z 'Fi 
a 'Ga—w Fi 


6 *Pe—z 'Pi 
6 'Ge—500j 

a 'Fy—z 'Fi 
6 *P;—z'PT 
a 'F;—z*Dj 


a *Fs—z 'F3 
a *Py—z §Pj 
@ §Fe—z 'Fi 
a 'Ig—z 414 


$8 guess e258 


a*G-—y 'Di 
4d *Fy—t "Fi 


a *H,—2 *H3 
a'Dy—z'Fi 


d@ *F;—u *D} 
a §Ps—z 'Pj 
d*Fy—e 'G}j 
a §Fy—2 'Fj 


eshDA SERRE 


sia° 


@ 'Fs—2z 'Di 
a'Da—yp *Fi 
@*Qy—2 ' Pi 


@*Fy—2'Di 
6 *Gs—z Di 


a '‘Dy—2 GI 

















| 

34271. 20 | a 'P.—2 Pt | 
34278.8 | b'Gi—z°Gi | 
\fa *Pa—y 2G} | 
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TaBLE 1.—<Second spectrum of columbium (Cb 11)—Continued 





No. Term combi- |Zeeman Strong-| strongest 
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34767.76 | a *F3—z §D§ 
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TABLE 1.—Second spectrum of columbium (Cb 1)—Continued 























. 

Intensity Noe Term combi- |Zeeman| Sepa- [S*T°8-) strongest 

spark d air A vac. nation type rétlen ost n 1 9: 
em-! Pp 
1 2 3 4 5 6 7 8 8 10 

60 2846. 280 | 35123.28 | a*F;—z*Dt| 3 1.463 | 1.464 0, 1.462 | 0.000) 14g 0 
20 2845. 798 | 35129.23 | a*Hy—y*D3| 1 -205| 0 -25 | 82! Los 
40 2844. 428 | 35146.14 | 6°P;—w'D#} 1 -335 | 0 82 | 1.496) Lig 10 
20 2843. 640 | 35155.88 | a *H.«—z 'H} » 6 

3h 2843.41 | 35158. 7 or 
100r 2842. 642 | 35168.22 | a'F;—z'D3| 3 472 | .046 | .904,1.465) 904) 1 yy ; 
80c 2841. 141 | 35186.80 | a *F;—2'D} | 3 209} .630 | 1.247, 1.462) 1.250! 1 ap 6 

1 2840.57 | 35193.9 | a1F;—w 'Gi 9 

6 2839.79 | 35203.5 | b3P:»—w 4D} 0 

7h 2839.62 | 35205.7 | a *Ps—y *P3 

3h 2836.45 | 35245.0 | b SH y—527} I 

4 2836. 079 | 35249. 60 . 
50 2835. 106 | 35261.70 | a*F:—z*Di| 2 -2W0;o0 - 2.170 | 1.250! 14 : 

8 2833. 312 | 35284.03 | a '!P;—r 1D} 2 
10h 2832.78 | 35290.6 3A 

3 2830.85 | 35314.7 | a *Gi—y 4G} 2 0 1.11 (1. 052)/ 1.03 . 
20 2830.56 | 35318.3 | b*Hy—y'H} we 
15 2829. 750 | 35328.44 | a 'Di—z*Di| 2 -180 | 0 2058 | 1.502) tole 

3 2827.93 | 35351.2 | @1Si—y 2S} 4 

2 2827.79 | 35352.9 | b*D,;—v*DI ie 
30 2827.08 | 35361.8 | a'Di—z'Di| 1 .353 | 0 -775 | 1.481) 11x - 

4h 2826.97 | 35363.2 | b*Hs«—y'H} # 

3 2826. 044 | 35374.77 | a *Gs—y 4G} | : 

8 2825.86 | 35377.1 | a'G;—y*Fi| 2 0 1.42 | 1) | on é 

2 2824. 863 | 35389.55 | a *F3—y *D$ aie 
10 2823.89 | 35401.7 | @*Di—z'Pt | 3 -4%3 | .425| .510,.931 | .510| ome ! 
10 2823.34 | 35408.6 | a@*Gi—y'Fi | 76,2 0 -780 | (.765)|  . 787 M 
12 2820. 803 | 35440.49 | a ‘F;:—z°D}| 2 1.472] 0 2.944 | 0.000) Lan r 
15 2819. 893 | 35451. 92 | ; 

1 2818. 617 | 35467.97 | 6°F:—y 'Gi ‘ 
20¢ 2818. 199 | 35473. 23 
30 2816. 678 | 35492.39 | 6°9F.—y'Gi| 3 20 .82 .95,1.15 | 1.15 | .95 ; 
2” 2815. 399 | 35508. 51 ; 
15 2811.70 | 35555.2 | b°Fs—r*D$| 1 0 -97 | (1.150) La 4 
100 2810. 810 | 35566.48 | a*F,—z*D}| lus a 

1 2809. 666 | 35580. a*Gs—y*Gt| 7 0 1. 18 1.18 | LB - 

8 2809. 172 | 35587.22| a*F:—z'D$| 2 .461 | 0 2388 | 1.005] 146 : 

6 2808.74 | 35502. 5Py—y Fs . 
15h 2806. 913 | 35615. 86 x 

8h 2805.98 | 35627.7 ’ 

3 2805.83 | 35629. 6 

15 2803. 810 | 35655.27 | a@'Fi:—z3G3| 3 .486 | 1.437] 760, 1.248 | 1.248/ .7% eo 

2 2302.73 | 35660.0 | b*P:—z *P% . 

7 2801. 551 | 35684. 02 

. 2799. 180 | 35714. 24 | 6 °F,—z'Pt : 
25 2798. 903 | 35717.78 | a*Fi—y DI} 1 23 10 .51 1.07 | 1.35 
100¢ 2797. 693 | 35783.22 | a *Ps—z 93 1 .275 | 0 Lille | 1.660] 1.93 15 
15 2795.14 | 35765.9 | @'Da-z'Di| 3 . 250 . 510 |1.014, 1.260 1.010 | 10 . 

7 2793. 885 | 35781. 92 

3 2793. 687 | 35784. 46 | a *F:—y "Di re 
80 2793. 044 | 35792.70 | a *Fi—29Gi| 3 -270 | 1.080 |1.082, 1.350 1.350 | 1.082 
i) 2791. 742 | 35809. 39 | a *Hs—y *Gi 1 0 75 (1. 050)} 1.125 a 

5 2791. 372 | 35814.14 | b*P;—z*Pt | 2 23 | 0 (1. 483)} 1.28 2 
10 2790. 580 | 35824.30 | a°Gi—y *F} | 1 0 .84 | (1.052)} LIZ 

8 2789.76 | 35834.8 : 

3 2788. 687 | 35848.62 | 6 *P,;—z PT 

6 2785. 071 | 35895.16 | a *Gy—y #G} 

3 2784. 450 | 35003. 16 

4 2782. 807 | 35924.36 | b *Py—z 9G4 

4 2780. 985 | 35947. 90 
150¢ 2780. 235 | 35057.59 | a*Fs—2°Gt| 3 80 1. 31+ 

3 2778. 018 | 35086.29 | a *F;—2 *D} 

6h 2775. 758 | 36015. 58 

‘ 2774. 488 | 36082.07 | 6°Dy—z'DE| 2 -314| 0 

20 2771.65 | 36060.0 | 6°Fi—z*Dj| 3 .41 1. 21+ 
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TaBLE 1.—Second spectrum of columbium (Cb 11)—Continued 


Wave 



































Intensity " A No. Term combi- |Zeeman, Sepa- wr Strongest oS 
os spark ans vac nation | type | ration pn n 
ci | | 
. 1 2 ; 4 5 6 7 s Y | 10 
0 2771. 308 | 36072. 24 | a'Hs—z '1Gj 7b, 1 0 0.985 | 0.992] 0.994 
1. 463 | 2760. 765 | 36003.51 | 6 *Fy—z *D} | 
1. 025 10 2769. 561 | 36006.17 | a"Gs—z "Fi | 2 | 0.336) 0 1. 447 775 | .439 
1161 6 | 2769. 290 | 36099. 70 | 
‘ors | 2768. 124 | 36114.90 | a *D»—z 4D} 1 |} .185 | 0 935 1.490 | 1.305 
5 2767. 218 | 36126.73 | a*D,—z "D3 2 75 0 (.512)| 1. 262 
1. 46 § 2765. 952 | 36143.26 | a *F:—y *Di l 27 0 44 71 . 98 
1. 400 9 2765. 271 | 36152.16 | a *Dy—z *F 5 Se ole 0 2.18 1. 49 1, 26 
" 2764. 561 | 36161.45 | a *D3—z 5 F3 2 | .466}] 0 2. 410 1.478 | 1.012 
2763.59 | 36174.2 | b*Fi—w'Di] 3 | 17 50 (1.15) | 1.32 
| 
1 2763. 025 | 36181. 55 | a *Gs—y *Fi 
| ; 2762.49 | 36188.6 a *P3—2 §Pi | | 
; § 2762.32 | 36190.8 | a®Ds—zr 4D} 7b, 1 | 0 1.240 | (1.246)} 1.249 
1, 480 2 2761. 737 | 36198.42 | 6 3Fy—w §D} 
3h 2759. 968 | 36221. 62 | 
| ; 
; 5 | 2759.16 | 36232.2 | 6 *Hy—w 33} 
1.08 we | 2758.78 | 36237.2 | a*P,—2 9S} | us 
10 2757.50 | 3 ) |a*Di—w*Dt| 2 . 387 | 0 1. 304 1. 007 . 620 
Linge y | 2757. 256 | 36257.25 | a'Ds—z'P} | 2 0 1.062 | (1.003)| .944 
3¢ | 2755. 722 | 36277. 43 
er : 2755. 562 | 36279. 53 | a#D»—z *D} 
| 113 # 2754. 523 | 36293. 22 | a *D»—2 Fi 
| 3 2753.74 | 36303.5 | a*Dy—z 5Fi 
LL 5 2753.56 | 36305.9 | a 5Fs3—2°G} 
We 2753. 133 | 36311.54 | a 'Is—z 11% 7b, 3 0 1. 003 1.000 | 1.006 
| os 3 2752.63 | 36318.2 | @*Fi—y*Di 
| oo 6 2752.02 | 36326.2 | a*Fs—2 'P3 1 68 0 . 36 .04 1.72 
ie 1s 2750.58 | 36345.2 | a§Gy—z Fi 2 0 1.22 | (1.052)) 1.00 
aes 5 2749. 817 | 36355.33 | a *F:—z °F 3 30 62 . 69, . 99 . 99 . 69 
‘ 2749.69 | 36357.0 | @*Ps—y4D3| 3 20 (1. 450)} 1.35 
) ? 2748. 077 | 36378.34 | b *F;—500% 3 27 (1.150)} 1.24 
95 5 2747. 606 | 36384. 58 | a?D:—w 4D 
as 2747. 375 | 36387.64 | @*P3—y *Di 2 - 46 0 (1/450)| .99 
Lm ‘ 2745. 725 | 36409. 51 | a *Hy—y 9G} 1 .196 | 0 . 229 .818 | 1.014 
, x 2745. 303 | 36415.10 | @ *Fs—z °Fj 
LB vie 2744.97 | 36419.5 | @*P,—z ‘83 
1 466 ‘ 2744. 448 | 36426. 64 | a°Gs—y *Hi 
7 § 2743. 478 | 36439.32 | b%F:—r?D} 3 . 413 . 824 | . 840, 1. 254 .840 | 1.254 
‘ 742. 604 | 36450.94 | a *Fy—z 5Pi 1 . 33 0 24 1. 23 1. 56 
LN 2740. 185 | 36483.11 | a°Hs—y *Fi 1 0 81 (1.050); 1.11 
5 2739. 239 | 36495. 71 | b '1G4—5273 1 .465 | 0 (.950)} 1.415 
“ 6 2737. 083 | 36524.46 | a *Ds—z 'F3 3 . 468 . 936 |1. 023, 1. 487 1.488 | 1.020 
. 2736. 521 | 36531. 96 
5 2735. 948 | 36539.61 | 6 *H,—r *D$ 1 .32 0 (, 88) 1. 20 
4 2734. 733 | 36555.84 | 6°*P,;—y 'D3 
1.35 2734.36 | 36560.8 | a°F:—z*Pi 1 50 0 .22 72 1.2 
1. @5 sen © enna fa*D,—z'*Di 
+ 2733.74 | 36569.1 |\) iqi—y 1 
8 2733. 464 | 36572.79 | @*Di—25FI | 7a 0 1.500 | 1.500] 0.000 
“irs 2733. 258 | 36575. 57 | a *Ds—z *F3 3 . 227 . 690 }1. 266, 1. 483 1.487 | 1.260 
2 2782.25 | 36589.1 | a *Ds—500} 
1. 082 
113 u! 2730. 324 | 36614.87 | a'Di—w'*Dt} 3 .10 .10 . 5664 .51 .61 
1 18 2 2729. 524 | 36625.60 | a *P:—y §D3 1 0 1. 39 (1.45) | 1.43 
L123 ’ 2729. 372 | 36627.64 | a *F,\—z*F3 
8 2727.43 | 36653.7 | @'Di—w'D3| 2 .652 | 0 1, 822 .618 | 1.170 
6 724.95 | 36687.1 | a*Hs—y G3 
#) 2723, 660 | 36704.45 | a*Ds—z*D3 | 3 .13 1.264 | 1.24 1. 28 
. 2722.69 | 36717.5 | a*Ds—w'D} 
re | 2721. 987 | 36727.01 | @*Ds—z'Fi | 1 170} 0 .803 | 1.483| 1.313 
$ | 2721. 632 | 36731. 80 | @ *Do—z FT 
2721. 162 | 36738.14 | a*F;—y*Di| 3 09 | 1.064 | 1.08 | 1.04 
12 
we 
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TABLE 1.—Second spectrum of columbium (Cb 1)—Continued 






































| 
Wave s trong- 
Intensity me No. Term combi- | Zeeman - est Strongest 
spark on vac. | nawon type n n 
em~ P 
1 2 s 4 4 5 6 7 8 
6 2720.95 | 36741.0 | a*G«—y Hi 3 0. 36 
7 2720. 259 | 36750.34 | a *Fy—2*Fi 3 0. 16 .8 
s 2717.63 36785.9 | a@*Hy—g *Fi 3 . 238 1.154 82, 1.11 
10 2717.33 | 36790.0 0 1. 193 
150rs 2716. 630 | 36790.43 | a *Dy—z "FE 1 .14 0 8 
15 2716. 300 | 36803.77 | a "Di—2z *F3 1 7 0 . 55 
40) 2715. 882 | 36809. 56 | a *Ds—w *Di 3 18 123 
50 2715. 344 | 36816.85 | 6 'Gi-—y ' Fi 1 i 6 . 67 
2 2713. 74 36838. 6 6 *G.—y 'H} 
5 2711. 37 36870. 8 a *F;—2z Pi 
3 2709. 595 | 36804.96 | 6 *F:—z *Gj 
2 2709. 07 36002. 1 6 'Di—2z 'D} 
20 2707. 834 | 36018.96 | a *Hi—y *F3 1 . 205 0 —.07 
3 2707. 212 | 36027.44 | 6*F:—w Di 2 .2 0 
2 2706. 395 | 36938. 58 | a *"Dy—z FE 1 .2 0 . 82 
4 2705. 326 | 36053.18 | 6 *F:—z *Di 2 4 0 
2 2704.92 | 36058.7 | 0 *Hi—w *Gi 
5 2704.70 | 36061.7 
5 2704. 417 | 36965.60 | a *Ps—z Pi 
20 2704. 250 | 36067.88 | a *Ds—z *P3 3 - 352 . 714 |1. 010, 1. 355 
40 2702. 521 | 36991. 53 | a *Dy—z "DI 2 0 1, 545 
60rs 2702. 197 | 36005.97 | a *Ds—z "D3 2 0 1. 519 
10 2700. 872 | 37014. 12 | a *Ds—5008 7b, 3 0 1, 255 
7 2700. 555 | 37018. 46 | @ *Fy—2 *Fi 3 .% 1.302 
3 2700. 312 | 37021.79 | a *Fi-—z HS 
15 2700. 153 | 37023.97 | a *F:—z *P3 1 . 180 0 . 702 
100rs 2698. 866 | 37041.62 | a4 *Da—z "Di 2 0 1. 508 
2 2607. 66 37058. 2 6 *F;—w "Di 
20 Rs 2697.067 | 37066.33 | a *Dy—z *Di 3 .® 1, 4752 
3 2695. 601 | 37086. 49 | 5 pa zs 
a*ri~gv 
4 2604. 753 | 37098. 16 (0 3G1— 5 ai 
a 2604. 316 | 37104. 18 
3 2692. 652 | 37127.10 | 6*Ps—y 'PI 
10 2602. 002 | 37136.07 | 6 *Hs—w *Gi 76,1 0 1. 024 
60rs 2601. 774 | 37139. 22 | a *Di—z "D3 7a 0 1. 496 
4 2600. 930 | 37150.86 | a *Fy—z2*Fi 2 0 1.24 
2 2600. 150 | 37161.63 | 6 *Pi—y ' Pi 3 . 38 38 
4 2689. 066 | 37176.61 | a *D:—z *PS 7a . 500 0 . 500 
100 2686. 388 | 37213.67 | a 'Fi:—z 'D3 76,2 0 1.020 
6 2683. 216 | 37257.66 | a *Pi—z PT 3 . 756 . 756 }1, 400, 2. 245 
1 2682. 849 | 37262.76 | 6 *Fs—500j 
8 2682. 469 | 37268. 03 
1 2681. 066 | 37287. 54 | a *Ps—w *Fi 
50 2680. 061 | 37301.52 | a *Fi—y *Gi 3 40 1. 182 
15 2678. 663 | 37320.98 | a *Di—z *DT 76,3 0 1. 470 
6 2678. 102 | 37328. 80 | a *Di—z *P3 2 . 86 0 
15 2677. 664 | 37334.91 | a *Gs—z'Gi 2 0 1, 57 
5 2676. 124 | 37356.39 | a *D,—z *PT 3 71 71 . 0,1. 21 
80re 2675. 945 | 37358. 89 | a "Ds—z "Di 76,3 0 1. 480 
2h 2675. 104 | 37370.63 | @'Pi—u *Fi 
3h 2674. 37374. 32 
250rs 2673. 566 | 37392.13 | a 'Ib—y 'HI 76,1 0 . 985 
200rs 2671. 933 | 37414.98 | a *Ds—z *Di 3 -12 1. 476+ 
2 2671. 656 | 37418.86 | a*F:—z2 *Pi 
12 2671. 255 | 37424.48 | a 'D:—z *Di 2 .19 0 1.19 
3 2670. 152 | 37439.94 | a *H,—z*Fi 
5 2668. 501 | 37463. 10 
7 2667. 996 | 37470.19 | a 'Ds—w* D1 
35 2667. 765 | 37473.43 | a*Gy—w *Fs 7b, 1 0 1.017 
30 2667.300 | 37479. a a 'De—2 *DI 7a 0 1. 457 
6 2067. 146 | 37482. a *Fy—2z 'Fi | 
5 2667.072 | 37483. 17 | 6 'G.—w 5Gi | 
50 2066. 595 | 37489. 87 @*Ds—2z Di 7b, 1 | 0 1, 437 
2 2666. 164 | 37495.94 | a *Ds—z*D3 | | 
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Spectra of Columbium 


TaBLe 1.—<Second spectrum of columbium (Cb 11)—Continued 
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TABLE 1.—Second spectrum of columbium (Cb 1)—Continued 
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TaBLE 1.—Second spectrum of columbium (Cb 1)—Continued 
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Spectra of Columbium 


TaBLE 1.—Second spectrum of columbium (Cb 1)—Continued 
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2380. 148 | 42001. 37 
2379. 122 | 42019. 48 
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2377. 989 | 42030. 50 | b *Hi—e *G} 
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TABLE 1.—Second vende of columbium (Cb 1)—Continued 





| Wave 
Intensity " A No. Term combi- |Zeeman; Sepa- 
spark we | 6wee. nation | type | ration | 
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Strongest 
est Pm 


2 | 3 


15h 2316, 929 | 43147. 49 if? Fede F 
20 2315. 173 | 43180.02 | @ *Di—y "Di | 
50 2314. 850 | 43186.04 | @ *P:—z 5P§ | 
3 2314. 240 | 43197.43 | a'Ds—z'Fi | 
5 2313. 524 | 43210. 79 ls ‘Ds—y *Dt 


2311. 456 | 43249. 4 
2310. 570 | 43266. ( | a *F3—y *Fi 
2310. 313 | 43270. 84 | 

2309. 742 | 43281. | a3Fy3—y 'D3 
43290. a *Di—2 Pi 
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43413. 98 | a ‘Di—y "Di 


43425. 47 | a *Ds—z Pi 
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TaBLE 1.—<Second spectrum of columbium (Cb 11)—Continued 
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TaB_LE 1.—Second spectrum of columbium (Cb u)—Continued 
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Spectra of Columbium 


TaBLE 1.—Second spectrum of columbium (Cb 11)—Continued 





| 
Wave | 
No. | Termcombi-|Zeeman| Sepa- 
vac. | nation type | ration 


Strong- 
est 


Strongest 
p n 








a *P:—wu *Fi 


a *F3—z *Gi 
a *F3—z *PI 


a Diy 'GI 
a *F\—z *P§ 


a *P,—e *Di 





S=S4s Sees 


a *Py—u Fi 
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a *Gy—tu 'Fi 
a *F\—y 'Di 
a *F:—o *F3 


ese WOON 


zi3sss 


a 'F:—o 'Fi 
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a *F:—w *P3 
a *Fy—y ' Fi 
a *Gs—0 *GIh 
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a *F\—o *Fi 
a *F;—w 'Pi 


a *F3—527} 


a *F,—w *Pi 

















2. TERMS OF THE CB nm SPECTRUM 


The established terms (atomic energy states) of the Cb 1 spectrum 
e described in table 2, in which successive columns show (1) the 
dectron configuration responsible for the term, (2) term symbols, 
3) level values, (4) level separations in polyfold terms, (5) g-values 
rived from the Zeeman effect, and (6) observed combinations. All 
vel values are relative to (4d) a*D,=0.00. The total number of 
vels is 183, of which 27 represent singlet terms, 116 comprise 40 
plet terms, 37 belong to 9 quintet terms, and 3 are fragments of 
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d* sp terms. Negative signs in column 4 show that 2 polyfold term 
are inverted and 14 partially inverted. The remainder are regu; 
but many violations of the rule that intervals are proportional to th 
larger j-values occur. Of special interest is the term 2 °D°, who 
fourth interval is abnormally small. Attention was called to the sam 
abnormality in the analogous Vim spectrum [7]. The term y ‘f° ; 
also extremely irregular in both cases. 


TABLE 2.— Terms of the Cb 1 spectrum 





Electron 
Term Differ- oer tom 
configura- symbol Level | Combinations 














a 
| 


© 
Ss 


z sp°, z sp°, y*D*, 2 5F°, z 5G*, z sp’. y sp? 2 
y *D°, z *F° , 2 IF?, w IFS, £99, 1G°'; 
y *H®, 2 1F°,'21G°, y 1G°, 


Ee 


= Seee 


2 7D 2 SF°, 2 'G°, 2'P°, gy *P°, zr *P°, w'P*: 
°,z*D®, w *D®*, u 1p°,” 2 *F°, y 'F°, 
4 a u Fe’ 2*G°*, 9 ye z*G°, eG") 
y 'F°, 2'G°, 211°, 495°, 500° » 527°. 


B seen See 
SSRr SEGSs BeVess 
Se rr. 

s& 


sp°,z sp°, aw y? D*, w *D°, « PD 
z°*F°, uw F°, fage, z*G°, 2 1P®, y 'P°, 500 500° 


2 §p° ey by” sr" z §GQ°, 298°, y *S°, 2p 
y 3°, 2 spe yy? ° 2 ip, w *D°, wD 
tae, at zive w iF°, ule, 230°, ya, a 
w iG? y iH, 2 1P*, 2 1D°, y ‘pe, 
z'F°, ai. s1a°, 495°, 527 
z'D®, 2 *F°, 2§G°, z?D «9 4D8,9*D>, u*D®, 2! 
yF°, 2'F°, wiF* oF’, 29G°, y*G°,2*G°, w 
pee 4, 288, 9 231%, 21 Fe, y iF°, 21% iG 


—_O 


Bs 


5 
saz 


fakes 3 yt y *D° dives bine es te’ 2! 


ce OBE 


S 
& 
=SS 


wb®, oD®, 21F°, y*F° 2, wiF°, o'F°,u! 
z*a’, y 10%, zG°, w *G° u 3°, 2 *H°,'y 'H 
241°, z'D*, "91D", 2\F°, y 'F°, 2'G°, y'G°, 1 
241°, 5 


i 
we 


sP°, 2 §D°, 2 5F°, 29G°, w P®, 23D®, y *D®, 2D 


218°, 2 iP z‘'D*, p*, 38°, 2*P°, y *P*, s? 
w *P*,z pe, ibe. 2 w *D°, 2 *D°,: 
y*F°,z*F°, w sf ~ rei, ute, y#G°, z*0°, 8 
y'P°, 2iF?, y 1F°, 527° 


2 §8°, tye | 5D°, 2 *P° yiPs,2 z*P°, y *D°, 2'D 
D° ,0'D ye ,23F°, y *F°, z*F°,o8F°, y*0°, 20 
ziP®, y IP®, 2'D°,'y'D°, ''D®, 21°, y iF°,25F 


© 2 'D®, w 'D®, » *D®, u *D°, 2! 
 tF° yb o'F*, u *F°, 2 *G°, gC) 27 
w 1G*, u 2G%, 2 a, y tH, 2 IPS, y 'P®, 2! 
7'D®, ae. y'F°, TIE, 210°, y'G°, #108, 
y 'H°, 500°, 527°. 


oy" go LSF®, 2 1G°, z 8°, z*P°, y *P°, zB 
° y'D °*,z'D*, w §D°, » §D®, ‘wD: 
WF, z'F°, w iF, o1F° utF®, 230°, y *0°, He 
wig Th wes 218°, 21P4, y'P°, z1p*, 2iK, 9! 
+ 1F°, "600° 


ae z *P°, y §D°, z 38°, y 98°, z*P*, y 
b°, z §D°, w sp, e 'D®, u‘'D*, 
y 20°, 210° © 3G°" zp JP. pe yD 
z'D®, z'F°, yg 'F°, z iF, 


et, ol. ‘D° 2 3F" z*D*, y*D°, nn" 0 
ape © 9 iG? °o 
reaacaled Ho sl, ie piece ee, 210.9 1G2,340 
2'H?, 


13118. 62 
13479. 50 
13054. 69 


14678. 40 
14626. 26 
14660. 77 


| 
E 7 HDe, £8,240, 298, SHEE 
E 
E 
i 
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TaBLe 2.— Terms of the Cb ut spectrum—Continued 





Level 


Differ- 
ence 


Observed 
e 


Combinations 





4 


5 


6 








18819. 57 
19351. 98 
19689. 54 


20347. 55 
21039. 56 
21511. 46 


20437. 58 


20657. 82 
21117. 47 
21472. 52 


21073. 05 


24332. 87 


25414. 24 
25353. 66 
25357. 50 


28001. 37 
27794. 15 








Prrr. Pr. 
~~ 
S8888 = 


see. 





riper 
- 
3 


- 


24*G°, w *G°, wu 'G®, 2 *H®, z 41°, z'H°, 9 'H°, z 1°. 


2p? 2*D®, §D°, 2 F°, 2*P®, z*D°, y *D°, z *D®, 
oe? _ u iD, 2 Fy IF*, z *F°, w tF°, u Fe 
2 #G°" 9 1G°, 'e1qe' 51a" u 10%, 2 *H°, y 4H°, 
z'D®°, 2'F*, y!F°,2'F°, 2'G°, g!G°, z'H°, y 'H°. 


z'*P*®, y *D°, y *D®, 2*F°, y *F°, 2 *F°, w *F°, uw i F°, 
ya's 1d w ° ude, y H°, 211°, 21F¢, y'F°, 
z'F°, yg 'G°, 2'G°, 2 'H°, y'H*, 500°, 527°. 


y *D°, 9 *8°, z *P°, z*D®, z'P°, y 'P*. 


y*D°,2*D®, 2'F°, sF°, z'F°,w*F°, 93 F°, u *F°, 
0 |}¥ vid, «10%, w She 7 u 4G°, 2 "H°,'y 1H®, 2 T°, 
z2'F°, z'F°, 2'!G°, ¥ 10°, 2 1G, 9! °, 2°, 527° 


{" ‘p°, gy *P*, z *D*, z*F°, wF°, o!F°, 2°G°, 
z*G*, w *G°,z'D*, 9 'F*, 2'G°, 9 'G°, z'G°. 


28°, z§P°, y *D°, 2 *F°, 298°, 24P°, g *P°, z*P*, 
w ipe, y *bD°*, z*D°, w 'D®, 2 *#D°, u §D®, 2{F*, 
y 'F°,z 1F° w 'F°,o 'F°, u *F°, y *G°,2 1G? . 
u 2Q%, y *H", 2'D*, y 'D*, z iD*, 2 IF°, y 'F°, 
z'Q@°, "y'a°. 

2 *S°, gy *D°, z *8°, age z*P°®, y *P°, z*P°, y *D°, 
z ° w ID*, »3 “D*, y Fe 2 Fe w tFS, 
o*F°,'y 9G°, 218°, 2 1P®, g iP®, 2 1D®, 1D 

y 'D®°, 2*8°, 2 *P°, y *P°, z *P*, y*D°, z*D®, w #D®, 
y *F°, o Ae u *F°, 2 18°, z 'P°, gy 'P°, z 'D*, 
z'D®°, 4 

2*D*,¥ §D°, 2 'F°, 2*P®, y *P°, z *P°, 2*D*, y *D*, 
z ape, w ipe, e 'D®, “2 *D°, 2 *F°, gy *F°, z *F°, 
w iP? 0 ‘Fr, u 'F°, z *G°, 9 *G°, z 4G°, w *Q°, 
u *G°, y *H®, ae +) 2 'D*, y 1D*, ziF°, 
y'F°, "rs 1F*, 500°, 5 

{v ‘Dp, 9 ‘F°. w 'F°, 9 *G°, z *G°, w *G°. u 4G", 
z'H®, y'H®, 241°, z!G°, 7'G°, zia°, 9 'H°, z'I°. 

(Org z*P*, y*D°,z*D*, a e*D®, 0° F°, u'F°, 
2 *°, y 1P®, y tb? 9 Fe, 

y *P°, 2 “er 2 *D®, w *D®, 9 *D*, u *D®, y IFS, 

fs z F°, w tF°, » 1F°, « te, z 3G, w 9G°, u 2°, 
y'F°,z om 500°, 


y 'D®, 9 98°, z*P°, z*D®, w §D*, u*D®, 495°. 


o'D°, y *F°, y *H°, 2'F°, 2 'F°, 9 'G°, 21G°, y 'H°. 
y'D®°, 9 'P®, 9 98°, 627°, z 1F°, z 1D°. 
o'F°, w 9G°, y 1D°, z'D®°, z 1F°, 21G°, 9 1G°, z1G°. 


'D, a *F, a *D, a*F, 0 °F, a *G. 


a'P,a'D,a'F,a'P,a'*D, a'F, °F, c*F, a*G, 4G, 
a'H, 2 'G. 





o'*D,a'F,a*P, ah a*D, 04D, a'F, b'F, c *F, 2G, 
6°G,a iH, « 


oar, ,0 07,97 08707, 01F040,010, 018, 
a'G. 
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TaBLE 2.—Terms of the Cb 1 spectrum—Continued 








Electron | 








Term Differ- |Observed 
- Level Combinations 
tion | symbol ence g 
1 | 2 3 4 5 . 

90M) | ee | StS) on PP, a'F, o*P, aD, 6*F, b*F, ¢F, 0G, 610, «1 
| 29Gh | 40108.61 768.31) om F, @'G. 

*p (F) 2°Pi $8984. 40 795. 55 - 601 a'p, 3? a'F, fe he ae ‘a'b “7. 1F, 6G 
Em | Sede) BESS] time did, Diasbitesre teresa baa 
| : 

@pCP) | 218% 89791. 90 0/0 a'*P,c*P,a'D, a'P, 

a! r 1p, c? ’ 5D, a3F,b! 
p CP) z'D} 41710. 16 1.312 {° biG, DP. AS a that b @*F, b°F, cP, 9G 

@pCP) | y Ds | 42508.58| _ on gg | 0/0 
yi | foress | 1486-65]  |-385 |laep. asp, oP, b*P, e8P, d4P, @2D, b*D, oP, bop 
| Supe | isasrco| 2865) Tai | ¢#F, 0G, ais, oP, a 'D, a'F, 2 1G, biG, ei 
| y*Di | 44970.73 | 1083-78 1. 480 

@p ea) | 27H | 49868.97 .810 
| svt | 4364.58 og J 1 040 jer, oF, 4G, 09G, aH, b4H, a'G, 6G, 01H, «! 
z. 44532. 1.1 

@pcPr) | yt | 49049.19 200 980 ||a'P, oD, oF, 6*P, cP, a*D, b*D, oF, °F, ci 
| yh | fyesare | RS) TRE ee *G, biG, ttt, Ooi, a! TP, 6D, 6'D, @ 1G, 

@ p (*P) | 25Pt | 4340000) seg, | 2255 lee a 'P, « !D, @4P, b#P, b 4D, @ 9, 640, 10, 01 

z *Pi 44226. 81 1, 745 , ’ 3,6 
| 2ePE | garrig7 | 8) 1 see ia ON. 
| 

@pCP) | z2°P3 44286. 00 —219. 35 0/0 a'P, a*D, a*F, a*P,b4P, cP, aD, b4D, oF, bP 
Ph Shoes. 50 857.06) 20 1 ci, 034, a iP, aD, 61D. 

@ por) | y spy | 4se00.50 168.37} 9% a'P, o4D, oF, a4P,b*P, ¢4P, aD, b'D, 0'F, 
| vaPh | dashes | M7032)  j7es £ F, d*¥, a !P,a'D, a!P. 

@ pea)! 2m | 4ssue.ss 1.018 | a*F, b4F, @9G, 6°G, a 4H, 64H, «1G, 610, aif, «! 

@G) | »*Fi 45655. 740 a'P, St b'P, ¢*P, aD, 6D, a4 F, b'F, cP, a? 
pe) | art | Segenes ~uen| > 3a 1G, «*H, 64H, 6 1P, 1D, 1G, biG, ¢0 
| y*Fi | 46896.61 Ll 

@ POG) | e'Gt | 46919.08 | _o974,| 1.014 oP, 01D, oF; bP. e4P, a8D, aD, oF, pF ci 
| vai ioe. 677.66 = G, 0°G, a iH, 64H, 41D, 1G, 6:G, 4 
| 
’P, a !D, bP, c*P, @*D, 64D, a *F, b4F, cF, 0G 

@p CG) | 21Ft | 46808. 40 | 1. 085 ("Sig 3. oa mies Cana 

@pOD) | 25Fi | 46848.10 |  gog 37 -43 ai 18, ¢'P,'D, b#D, a4F,c1F, dF, 610,04 

z Fi 49. 47 1.0 , at 
| 2 °F bosés. 30 | 3002.79) ap if o°He'D, 

@ p GP) | 2 *8} 46368. 94 | 1.821 | @*P, b'P, ¢*P, @*D, b 4D, o #F, b4F, «!P. 

@ p (P) | 2 583 47072. 98 1.940 | a *P, o*P, b*P, c#P, a*D, 6 *D, a!D. 

@p CH) | y*Hi | 47946.18) s55 69 983 |) sD, a 1D, b *D, o *F, b4F, ¢ *F, 0 4G, dG, 0 
eet | Hose | 270.10) O88 IF ost, 0 1G, 016, nei, a tH. 

"D) | w? . . ‘P, a "D, a #F, cP, dP, a *D, 6 *D, oF, OF 

“or oor ree | sai.) Os ox 42°F, a 9G, 640, @ tH, b 4H, b'D, oF, 00 

w Fi ae | 540. 53 L100 || 5:G, 1H. 
@p CH) | 2% 30. 60 .870 
aed it rare $6.99 | 1.061 Jara, 090, 098, 0H, 610, 610, oH, «1 
2%} | 40880. 78 | Lis 
#@peG) | 214 . 44 | aD, o *F, 6 *D. oF, b *F, a 9G, 0 4G, oH, > 
p @G) 2'1Gi | 1.083 |{ aie, bik, aiG, 6 in. ’ 
@ per) | expr | 49mg | .s06 (OF ,O1P. e9P, 6D, DD, oF, DMF, 18, «1661 
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ey 
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TABLE 2.—Terms of the Cb 11 spectrum—Continued 


























i j 
BectroD | Term Differ- |Observed 
entgure- symbol | Level ones o Combinations 
Soil 
i | 2 3 4 8 6 
_——e 
9G, oi #9 @H) | y'Gi 49158. 16 980 {s =, HW yy et 4G, ¢ H, 6 °H, 
op | 4953 49536. 62 a'F, d*P, a*F,a4G, a'P. 
c'F, 6° | 
Grp | SDT | 40687.73 | _ 449 17 820 |g oF, a 1P, bP, ¢ *P, d *P, a *D, b *D, a *F, b IF, 
SIDE | dorto io | Sikee| | ERE I ese, aah, 0 9G, 0G, 0 18, oP, @ 1D, 1D, a 'F. 
fe #9 CD) | WIDE | 49733.45 | a6, a5 -616 |)a oP, a SF, a *P, b4P, c#P, d*P, 4D, 64D, oF 
e*F, aX | w§D 2. 30 ; 1. 167 : ’ S saith 
» ps tooee 9 91. 95 1 308 oF, ¢ 1F, dF, c 9G, a !P, a 1D. 
rp soos | 60068. 70 1.245 | a 'F, a *P, c*P, a*D, 6 4F, ¢ *F, d4F, 6G. 
a'P, bap 
'G,cHwm #p(D) | 2°P§ | $0805.20) in 79} 00 Ps a 'F, oP, 6 *P, ¢ *P, a *D, b *D, a *F, b 'F 
| s9Pt | 60475. 98 1. 202 : » €*P, @*D, b*D, oF, b'F, 
| s5P} 60447. 36 —27. 6 1 360 ¢*F, 'P, a! ‘ 
1) | 2°G4 | 50585. 31 .811 |)e *P, a *F, oP, b *P, a 1D, 6 *D, « *F, 6 #F, c *F, 
oncumme | Fiat | Saat. 70 | eS ie 4*P, 0 4G, 0G, aH, 04H, a 1D, b'D, a 'F, 6 1G, 
| £3G} | 50497.90 ; 1.188 |} oH, ‘I. 
b°F, pM @p CD) | y'DS | 61188. 16 a 'F, bP, ¢*P, a 'D, b *D, a 4F, 6 4F, ¢ *F, 4 *F, 
aun le - 908 |{ a*G, @'D, 6D, b1F. 
#908) | zi, | 61707.49 1.010 | o *F, o9G, a4H, 64H, a 1H, oT. 
1G, a '8 
#9 ?D) | y'PI 51787. 87 1.13 a'P, a'P oP. cP, @*P, a'D, 6 'F, ¢ *F, a 18, 
| { o'P,atD, bo! . 
o'F, OTR 90K) | o°FS | 51987. 28 9.11 -80 leg a *F, a *P, c*P, @ *D, b *D, a *F, 6 *F, ¢ 'F 
| ori | 61996.39 1.085 . » 5 *D, a SP, 0 SF, c iF, 
| ommt | seeraces| 225) papi | 4*Fe , 04H, 64H, a !P,a'D, 61D, a1F, b'F. 
oF, 08M Pop |wiPS | 58120.80| op og| Of | o'P,a'F,b°D, c*F, 0G. 
w *PT 62214. 85 173. 74 1.43 
|wiPi | 59388. 69 ; 14 
61H, cL a5 «P) | y St 52553, 90 1.820 | a §P, a *P, b *P, c#P, d*P, a *F, 2 18. 
1, oF 
510, 0G ep 527) | S8714. 88 1.415 ore F, OP; 7D, oF, °F, ¢ *F, d *F, « °G, 
> el? vm 59788. 10 1.006 | 6 *F, ¢#F, b'G, b 4H, a'G, 6'G, ¢1G, a'H, a 1. 
’ 
An. ered) | yrs | 53086. 95 1.036 | a'P, oF, 54P,a*D, b*D, a! F, b*F, c*F, d*F, a°G, 
6 4G, a *H, @'D, 61D, a 'F,  'G, 6 1G. 
1,6 \ 
eg. pee?) wie eS | . ran 881: ee EL IC AN eta a 
Sad | w GH 1.20 592. 63 1 180 64H, a'D, a'F,b'F, a'G, 6'G, a'H, a'I. 
e*%,6 j 
®90F) | esDt | S4178.60) _g7 a9) _-527 j ‘P,a*F, a*P, bP, c*P, a*D, b*D, b'F, c*F, d °F 
e'D) | 54184.80) St 1. 164 De tt ee Da he ade alt all 
. oa | 5008.50 | 25-90) Toy | @8G, 65, aH, 69H, a wD, b 1D, a 1G, cd. 
@pCF)| 21Rg | 55400. 54 1.06 baP, aD, D&F, c¥F, 448, 4G, BH, aD, D1, b'G, 
e ° 
1G, 0H @p CF) | 2ipe | s6781.74 1.000 | b4P, ¢#P, 0 °D, a*F, a 'P, oD, b'D, oF, 6 'F. 
@pCF) | z1Gi 87145. 25 1.000 | 6 °F, 64H, a'!F, b'F, a 'G, 6'G, aH. 
’ 1 
per UD oF.) SSS) ae) 18 P Fal Tena gamer ee eoe.ors. 
u Fi 59399. 80 897. 37 134 64H, a 'P, b'D, a4 'G, b'G. 
0 ((F) u Di 0622.26 | .& : ? , ’ ? 1G 
tL. wep} | sogeros | ~225-%) y°t9 preter D, a*F, b*F, ¢°F, d*F, 5G, 
u*Di pg . 1.33 | » 
HBR) | way | 60600.28 | soe on | \]o=D, a *F, b°F, c*F, d*F, o°G, b9G, aH, 4H, «!G, 
| 9G | 60004.50) 345 95 | f 0G, @ lH. 
18,6"? Gt 60488. 7! {| be | ° 
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The observed g-values (magnetic splitting factors) entered in colyy 
5 of table 2 may be compared with Landé values for LS-coupling } 
referring to published tables [17]. Many departures from theoretic 
LS-values will be noticed, but the larger deviations apparently resyj 
from g-sharing rather than from 7j-coupling. An interesting examp| 
is z °F the g-value of which is observed to be 0.122 instead of 0.99 
as required by theory. There are two other levels, z*D{ and 2‘) 
associated with z°F;, and their deficiency in theoretical g-vah 
amounts to 0.120. Summing all g-values for levels ascribed to give 
electron configurations leads to the following results. The g-sum { 
38 levels.originating with d* is 33.016, compared with the Landé sy 
33.000. The sum for 75 levels ascribed to d* p is 104.23, compar 
with the Landé sum 105.00. 

The combining properties of the terms are displayed in the |: 
column of table 2. All combinations obey the selection rules A= 
+1, +2, +3, and AJ=0 (except 0 to 0), +1, but, as usual, not ; 
permitted combinations have been observed, either because of |o 
intensity or masking by stronger lines. The total number of observe 
combinations of terms is 619, of which 60 are singlet-singlet, 23 
triplet-triplet, 12 quintet-quintet, 174 singlet-triplet, 24 singlej 
quintet, 89 triplet-quintet, and 22 with 3 unidentified odd levels. 

Since the number of levels and combinations was greatly increas 
in this analysis as compared with the earlier one [5], it was necessa 
to adjust some of the older valucs. Three of the old levels (11047.1 
40231.97, 44936.01) were not confirmed by the Zeeman effect—the 
have been replaced by genuine levels. 


3. ELECTION CONFIGURATIONS, THEORETICAL AND OBSERVEI 


of neutral columbium atoms is represented by 1s? 2s? 2p*3s? 3p*3d 
48° 4p°4d‘*5s (see below). Chemical valence and the first optic 
spectrum (Cb 1) are associated with the last five electrons, and if on 
of these is removed by ionization, the ion may emit the second spectrum 
(Cb 11) characteristic of four valence electrons. These four may } 
distributed in various ways, and each configuration produces 
different family of (even) spectral terms (atomic energy states) : 


follows: 
4d‘,'(SDG), *(PF), '(SDFGI), *(PDFGH), °(D). 
4d 5s, '}*(D), **(PDFGRH), **(PF). 
4d? 5s?, '(SDG), *(PF). 


In this analysis of the Cb 1 spectrum, all the 4d‘ terms have bee 
found except the highest 'S, all the 4d* 5s terms except the highes 
3(D), but no trace of 4d? 5s? terms that yield the ground state of th 
Zr 1 spectrum, which Cb should resemble, according to the d 
placement law. Similar results were reported and explained for th 
V 11 spectrum [7]. 

Almost all the observed Cb lines arise from combinations of t! 
levels from (even) 4d‘ or 4d* 5s configurations with excited stale 
associated with (odd) configurations 4d* 5p or 4d? 5s5p. The predict 
and observed terms from these configurations are displayed in table 
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The lines remaining unclassified are too scattered and few to fix 
iyrther terms with certainty, Efforts to use them for this purpose, 
. particular to find series-forming terms from the configuration 
6s, proved futile, and it appears that the spectroscopic ionization 
wtential of Cb* cannot be determined without study of the Cb u 
ectrum from a source that favors the development of series terms. 
he evidence from other spectra indicates that the principal ionization 
potential of Cb* will be about 14 volts. 


Tasie 3.—Cb u predicted and observed terms 























npare | configu. | Grin Predicted Observed 
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4dé D “PF) a'D, d*P, c*F 
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if on 
ectrul IV. TERM ANALYSIS OF CbI 
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san) 1. LINES OF THE Cb: SPECTRUM 
tes) § 




















The data for the lines of Cb1, characteristic of neutral Cb atoms, 
e displayed in table 4, which is prepared according to the same 
lan as table 1 for Cb u. Column 1 shows the estimated intensity 
nd character, column 2 the measured wavelength, column 3 the 
suum wave number, column 4 the term combinations, and the 
ist six columns contain data on the Zeeman effect. There are 3,313 
miries in the table, comprising all classified lines and nearly all 
inclassified lines, only those of doubtful origin and very weak lines 
i estimated intensity 2 or less being omitted. Where a line is 
assified in two or more ways, the more probable transition is written 
ist. In many instances chien double classifications are unresolved 
of thPlends, the measured position falling between the calculated positions 
stata! the respective components. Statistical information as to classifi- 
edictefmettion and distribution of the classified lines into various categories 
table HF given in table 5. 
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TaBLe 4,.—First spectrum of columbium (Cb 1) 


? = Observed and calculated wave numbers disagree by 0.2 cm=' or more. — 
Mae a Fak Ee peers Se.n8 otter matte 
om 0 po on nD ’ 
= Classification not th t with observed Zeeman effect. Possibly fortuitous. - 


= Zeeman components w resolved hyperfine structure. 
** = Unaffected Sy masguetio field. 














ur = Unresolved. _— 
L=Landé g assumed. 
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TaBLE 4.—First spectrum of columbium (Cb 1)—Continued 
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TaBLE 4.—First spectrum of columbium (Cb 1)—Continued 
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TaBLe 4.—First spectrum of columbium (Cb 1)—Continued 
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TaBLe 4.—First spectrum of columbium (Cb 1)—Continued 
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Spectra of Columbium 
TaBLe 4.—First spectrum of columbium (Cb 1)—Continued 
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TaBLe 4.—First spectrum of columbium (Cb 1)—Continued 
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TaBLe 4.—First spectrum of columbium (Cb 1)—Continued 
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Spectra of Columbium 


TaBLe 4.—First spectrum of columbium (Cb 1)—Continued 
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TaBLe 4.—First spectrum of columbium (Cb 1)—Continued 
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TasBLe 4.—First spectrum of columbium (Cb 1)—Continued 
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TaBLe 4.—First spectrum of columbium (Cb 1)—Continued 
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TaBLE 4.—First spectrum of columbium (Cb 1)—Continued 
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TaBLe 4.—First spectrum of columbium (Cb 1)—-Continued 
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TaBLe 4.—First spectrum of columbium (Cb 1)—Continued 
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TaBLe 4.—First spectrum of columbium (Cb 1)—Continued 
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Spectra of Columbium 


TaBLe 4.—First spectrum of columbium (Cb 1)—Continued 
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TaBLe 4.—First spectrum of columbium (Cb 1)—Continued 
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TaBLe 4.—First spectrum of columbium (Cb 1)—Continued 
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Tasie 4.—First spectrum of columbium (Cb 1)—Continued 





Wave 8 8 
No. Term combi- | Zeeman | Se trong- |Strong- 
vac. nation —¥ ry est 
em 











@*Das—0 * Fig 
(sspat— ‘Fi 

@*Fus—u ‘Dis 
@ *Poxs—z (Dig 
@ *Pas—y *Phg 
@ *Fayg—z *Piyg 


@*Diy—t Fig 


@*Gay—o * 
6 *Gus—t sane 
@*Hiays—2 2H 


b Qa-s ope 

a —2 

a Gas—e 5Fig 
@'*Das—e Fg 

@*Das—w 'Dixg 


@ *Fx4—t ‘Dix 
@ *Pix—z !Dig 
6 *Pos—y *Piss 
@ Gist 'Giy 


b ‘Fas—e "Dig 
a'Fi4x—y *Fing 


Sse" 828s 


Bw tk 
= 
- 


BEARS E8808 S555 


_ 


ge 
38685 


{e *Fass—o 2G) 
@*Fiy4—tu ‘Dig 
@ ‘Gis—ti *F hg 
@*Giy—z ‘Tig 
@'Ga—0 'Gis 


@ *Hss—y "His 
(Scouts Dix 
a'Gas—z *P ig 


eS eP~e- 


~ 


@*Day—z * Fl 
@ *Piyg—y "Fig 
@*Di—z * Fig 
@ "Git "Gig 
@ *Poys—z *Pixg 


6 °*Giuys—? "Hix 

@*Diays— ‘Fi 

b *Fays—tu * Dig 

Kepet—e 1 Fis | 
b4{Diy—-t (Dix 


—— 


yp Boo ~e ~3B& o8a55 
< 


4383. 70 
4382. 856 
4382. 496 
4381. 114 
4380. 664 
4379. 525 
30¢, V 4377. 958 
5 4377. 823 
4 4376. 707 
6 4375. 246 
4374. 789 
4370. 361 
4369. 618 


22920. 
22926. 
22930. 
22945. 
22954. 
22956. 
22959. 
22960. 
22964. 
22970. 
40. 22973. 76 
22980. 47 
22987. 21 
22989. 19 
22996. 
23002. 58 
23005. 77 
23006. 
23020. 
23021. 
23041. 


a 
oy 











@ *Hays—z "Thy | 
@ *Poys—w "Dig 
a i ar, 
a‘ —w 

@*Gug—F *Gig 


a°Giy—0 ' 

{¢ ‘Pis—y Bt 

(eee "Hiss 
a'Hy—w Gis 
@*Day—z Pig 
@ *Fiyg—t Fig 
@*Diy—t ‘Fix 


6 *Hay—t *Ghs 
@*Doy—z 'Pis 
a *Giyg—t Gig 
@ *Pig—y *F iss | 
4 *Giyg—ts Fig | 


BESS SSRsz FB 


ES « 
<4 





SE 





He 


























ons 
< 
8ssft 





Spectra of Columbium 


TaBLE 4.—First spectrum of columbium (Cb 1)—Continued 
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TaBLe 4.— First spectrum of columbium (Cb 1)—Continued 
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TABLE 4.—First spectrum of columbium (Cb 1)—Continued 
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25, IV? | 4147. 184 | 24105. 97 | a “Hes—e 'Ghig 5 | | & | 1.572} 22233 |(.16 
i 4146. 598 | 24109. 38 | a *Fass—z “His, | | | 
10 4146.000 | 24112. 86 | a *Hiy—v *Gix 6 0. 352 -- | (0.984)! 1.002 
3c 4145,155 | 24117. 77 | 
5e 4143.931 | 24124. 90 | 
4c 4143. 58 24126. 04 | a *Pows—y *P iss | 
80c, IV 4143. 201 | 24129.15 |a*Di—z "Pig | 6 0.519 | 0.779] 2.123 1.863 | 23% 
| ‘ 
a) 4142. 243 | 24134.73 | a*Hayg—t * Piss | , 
4 4141.32 | 24140.11 | 
400c, IV 4139. 702 | 24149. 54 | a@*Dis—y "Fixx 6 0.139} 0.681] 1.506) 1.576 | Lay é 
9c, IV 4139. 430 | 24151.13 | a *Dex—z°Phxy 6 0.221 | 0.552 _ (1. 652)) 1.87 , 
6 4139.088 | 24153.12 | 6 ‘Day—s Fh 
10¢ 4138. 300 | 24157.72 | b *Gus—r 2Gixg 
12¢ 4137.590 | 24161. 87 | a*Ga—u Dir , 
200, III 4137.090 | 24164. 79 | a *Dox—y SF iss 4 2. 197 1.135 | 0.073 | 3.368 | 1.17 . 
4 4135.57 | 24173.67 | @*Has—z *Hix : 
10 4135.423 | 24174.53 | b *Fay—s *Fisg 6 | 0 0.846 | (0. 852)) 0.94 : 
| | 
6 4134. 985 24177.09 | a*Hsy—u *F iss | ‘ 
30, IV 4134. 592 | 24179.39 | a *Pix—e *Dix 7 | 0 1.144] 1.171 . 
i 4134. 33 | 24180. 92 
5h | 4133.40 | 24186, 36 
3¢ | 4132175 | 24193. 53 | < 
| | | | 
2 4131.74 | 24196.08 | a *Pag—z *F iss | | | 
3 4131. 60 24196. 90 | a *Gaug—0 *Gisg 7 
6 4131. 53 24197. 31 | @*Gays—u ‘Ding ; 
150¢, V | 4129.931 | 24206. 67 i 1.08 ; 
100¢, V 4129.430 | 24200.61 |@*Dsyx—z*Pty | 6 0.131 | 0.476 | 1.635 | 1.570 | 1.701 : 
4 4129.000 | 24212.13 | a4*Doxs—z *Dis | ° 
2 4128. 654 | 24214. 16 | @*Hs—y *Hiss | 
1 | 4127.69 | 24219. 82 | a *Pas—z *Hiy, | | 
12¢ 4127.458 | 24221.18 | b°Gi4—41lfy | 6 0. 06 a (0.90) | 0.88 
Se | 4126.903 | 24224. 44 | | 0 1,12 
12 4125. 573 | 24232. 24 | a 4Fa4—y "Dis | : 
20c,V | 4125.243 | 2423418 | a *Hay—0 *Gis, | 
400, ITT =| 4123.812 | 24242. 59 | a*Diss—y ®Fixs | 4 0.5 0.282 | 0.468; 1.863 1 ‘ 
15, V 4122. 804 | 24248.52 | a*Hsy—y*His| 5 0. 174 PS ee 1. 129 | (0.9 
7, 4121. 000 | 24258. 78 - 
| | | 
2 4117.824 | 24277.85 | a*Diy—v Diss 
50, III 4116. 895 24283. 32 | a*Dow—z*Pixg | 4 | 0. 943 0. 473 1.910 3.325 | 2.382 » 
5 4116.401 | 24286.24 | a *Fau—y ‘Fix | | | " 
2 4116. 274 | 24286.99 | b *Fax—s *Fix | } | 
6 4114. 155 24299. 50 | a °*Fiyg—r 2 Fig | } 4 
25, V 4113. 941 24300. 76 | a ‘Hus—y "Hix 5 | 0.132 0.066 | 1.717 0.990 | 1.122 ee 
6 |} 4113.348 24304. 26 | b 4Fay—t *Fixg | | | 
I |} 4112. 49 24309. 33 | a 2Gay4—u *Fixg f 4 
20¢, V 4112.130 | 24311.46 | b*Hus—41lig | = 5 0.09 | 102 0. 82? | (0. 7 A 
2 4110.12 | 24323.35 | @*Gus—y ‘Hiss | : 
4 
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TABLE 4.—First spectrum of columbium (Cb 1)—Continued 


| 
Strong- | Strong- | 
est est 
Pp 


Intensity , No. | Term combi- | Zeeman | Separa- 
Are : nation type | tion 


| @*Piss—y * Dig 
' | 
| b*Dayg—s * Fig 

@ *Fay—y 'F iss | 


a'*Days—w Diss) 

@ *Fyyg—z tHixs | 

b4*Days— t *Gix | 

b4 Se oF | 

fa*Das—y *F iss | 
ae ‘Fis 


@ *Dayg—z * Diss | 
o‘Din— w 2Diss| 
a *Hy—0 *Ghis | 

: a *Diyg—z *Phg 

| b4Fag—t *Fing 

| b *Hsys—¢@ pry 
| 


96. 314 
553 


| a?*Fo—r 2Fix 
5. 082 | 


i 

31 27 | a*Days—v *Giss | 

095 55 |b b*Dag—t *Gisst| 
asaia na (f0 °F st *Flis | 
926 | 24410.56 | bate 2G | 

4092. 536 | 24427. 86 | 

4091.67 | 24433.03 | @*Diys—0 ‘Dig 





4090.60 | 24439. 42 
4090. 163 | 24442 | @ “Gav SEs | 
4088. 443 | 24452. 31 | a*Has—y 2H, | 

7.048 | 24460. 66 | a ?Faug—t *Dig 
4086 
4084 
4084 





5.630 | 24463. 16 | a*Diss—y *Pixg 


951 | 24473. 21 | a*Hs— 9 ‘Hts | 
. 861 24473. 75 | a *Fa—y *F iss | 
4084.177 | 24477.85 | a*Pix—y *Dix 
4083. 77 24480. 25 | a ‘Fos—y *Diss 
4079. 726 | 24504. On a*Dax—-y "Fas | 
ne - fa'Gs u'Gi 
4078.60 | 24511.32 |}Osp' H—M Gir 
4078.345 | 24512. 85 | a *Days—2z *Ph 
77. 405 24518. 
77.09 | 24520. b4Dowx—r ‘Fix 
4076. 09 24526. a *Fay—z 2Gixgs | 
73. 641 541. | | b «Payg—u Gis | 
3. 513 24541. 9% b‘Dig—r *F iss | 
.13 S| a *Fa4—t ‘Dix | 
71. 54 b *Pow—z *Pos 
965 | b ‘Fuy—t ‘Fix 
i 
0.040 | | 
258 53 | a “Hays—y *Hisg | 
7.159 | 245 s ‘Gug—y ‘Hiss | 
| 





46. 120 a *Hax—e 'Ghx | 
34.802 | 24504.52 | b *Fayy—t ‘Fig 


62. 21 24610. 22 | a *Piys—te *D3) 
542 | 24614. 26 | a *Fus—y *Dix | 

. on te u *Gis | 
427) 24614. 96 |) 0 sis 5 «ty 
4061.255 | 24616. yoo —v *Gis 
0.800 | 24618. 76 |o*Dus—2 2Dis< | 














4060.37 | 24621. 37 | a ‘Gas—e 2Fis| 
4060.32 | 24621.6 @ *Fu—z Be 
4059.85 | 24624. 52 | a‘P ony? | 
| 4059. 498 | 24626. 66 | @ *Poy4—0 "Diy | 0. | 1.000 | 0.646 | 0.942 
m a fa *Dass—y *F his! . 55 | 0.942] 1.563 | 1.450 
Me, TIT | 4058.933 | 24690. 08 |{% 7) 4— 9 ot 
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TABLE 4.—First spectrum of columbium (Cb 1)—Continued 


Wave | 
Intensity | No. Term combi- | Zeeman | Separa- 
Are vac. nation | type tion 


| 
Strong- Strong- 
est 





6c | 4057.267 | 24640. 20 | b *Disp—s Gti 


. | (6 4*Fug—u (Dh, 
8 4056. 941 24642. 18 1d *Fayg—z ‘His | 


4c 4055. 854 | 24648. 78 | 
2 4055. 426 | 24651. 38 | b 4Fayg—u *G$x 
8¢ 4055. 186 | 24652. 84 | b *Gsu—8 *Gju, | 


6 4053. 161 | 24665. 16 | @ *Fa—t *Diy | 
6c 4052.132 | 24671. 42 ¢ ‘Dax—2 ‘Diss | 

4051. 513 19 | @ *Gusg—z "hag 
4051. 001 81 | a 4Fays—y "Dis 
4049. 759 88 | bAFas—t (Fig 


4048. 95 
4048.01 | 24696. 54 | b 9Gay,—4168s, 
4046. 27 .16 | 
4044. 712 . 68 | a *Fag—r PF hss | 
4044. 58 . 6 *Hsy—r *Gix, | 


| 
4044. 103 . 40 | b *Pag—z Hix 
4043. 169 26.11 | b ‘Da—e * Fins 
4042. 572 76 | a *Gay—s *F hig 
4041. 39 -00 | a *Fiys—y "Dig 
4040. 618 A @ *Pox—z *Pin 


a*Fsy—2 *Gix 

4040. 468 (oper ‘Fh 
4039. 530 \ @ *Gsy—ti *Gix 
@ *Hos—z *Hhs 

004 7 - ‘Pxs—y *Fix 

37. 356 ; @ *Piys—z "Shs 


. 923 } 6 4*Dis—r Fig 
@*Fay—t * Dix 








la ‘Pou—z * Fig 
| @4*Fiys—y ‘Fig 


@ *Fuys—y *Dhy 


a*Gsy—t ‘Fix 
b *Fiyg—t Fins 
a *Fas—r *Fixg 
a*Day—t ‘Dix 
6 *Fiy—r * Fix 


| @*Gay—8 * Fig 
b (Fays—t * Fig 
@*Goas—s 2 Fh 
| 0 4Fay—t *Fixg 
ia ‘Gu-2 ‘Hiss 





| @?*Dayg—ts * Fis 
| @*Hass—y ‘Hiss 
| @*Da—z Sis 
6 4Pa—z *Hixs 





| 
| b4‘Das—r *Fix 
b *Fin—t Gig 





| 
a 2Giux—w *Gix 
! |b °Gay—p *Fix 

. 37 | 
24917. 86 | a ‘Fix—y ‘Fix 


24932. 45 | b ‘Fas—z Hiss 
24933. 54 | a *Fiyg—w *Hiss 
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TABLE 4.—Virst spectrum of columbium © b 1) —Continued 


| Wave | lg 's 
Intensity | No. Term combi- | Zeeman | Separa- | — row 
Arc | vac. | nation type tion = . Ta 
! | | Pp n 
} 





a*Day—t ?Fixg 

6b *Gug—q Fig 
| 

a 'Gay—s Fix, | 


7 | @*Geg—te *Ghs | 
7 |@ 2Gas— *Gixg 
a *Po—z ‘Bix, | 

| b *Pag—z (Bays | 
7 | 64*Days—q * Fix 


25004. 02 | a *Hass—0 *Gixg 
25006. 83 | b4Dax—s ‘Dig 
25009. 36 
25010. 7 
25012. 03 | b *Gus—q ‘Fils 


25020. 55 | a *Hsig—te *Gisg 
25027. 87 | a 4Hsy—z *H hss 
25034. 52 | b 4‘Diyx—s ‘Dig 
25042. @ *Fay4—7 *Pixg 
25045. 07 





25049. 75 | a *Fus—y ?Girg 
25051. 42 | a *Gayge—tu *Gigg 
25067.17 | b %Has—8,2Giig (1. 04) 
25079. 67 | b ‘Day—r * Fig 
25085. |@ ‘Hyis—v *Gig 





25086. 57 | a.2Guyg—z *Hisg 
25088. 23 | b ‘Dax—s *Gix 
25105. 59 | b 4Fus—y *1ixy 
25115. 50 | a *Dasg—y * Fins . 
25122. 53 | 6 4Fas—r *F ays 5 w . 86 (0. 854) 





25. 44 | a ‘Hay—0 *Ghs 
26.42 | a ‘Fays—z * Dig 
os j a ‘Gu4—t Hig 
| 6 *Dayg—t *Gisg 
'] 

| 

25157. 30 | a ‘Day—v *Gixs 
25158. 85 6 *Has—p 4 Fig 
25165. 89 | a 4 hit ‘Gi 
25169. 57 | a ‘Fax—z "Di 
25170. 08 a *Gag—tt *Giyg 
25173. 26 | 6 4Fay—t *Dixg 
25177.70 | a ‘Pyys—z 2Gis 
25181. 18 | 

25191. 55 | 6 ‘Dayg—s ‘Diss 
25192. 48 


25 


1 
51 
51 
513 
51 


8 | 








| 
25196. 99 | a ‘Diss—y *Poss 
25198. 06 b *Fus—t * Dig | 
25205. 65 | a *Fin—y ‘Dig 1. 016 
25206. 61 | a *Gayg—te *Gixg 
25209. 17 | a *Pa—y “Stig 


25215. 71 | a *Diy—0 4G 
25222. 48 

25224. 90 

25231. 68 | a *Has—z "Hibs, 
25239. 07 | a *Gsu—y *lhys 


25241. 35 | a *Has— w Gs 
25245. 55 | a *Fng—y "Dis | 
25248. 34 | b «Pra—t (Dive | 





25249. 51 | b 4Fay—r *F ig 
25250. 86 | 


25257. 34 | a ‘Hay—t *Diis) 
25259. 93 @ *Dayg—0 42 Dig | 
25262. 95 | 6 *Fays—t ‘Dis 
25265. 63 | a *Fiyy—y "Diss 
25266. 94 | a *Gug—z “Hiss | 











1, 34? 


0. 955 
1, 248 
0. 874 


5)} 1.072 
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TaBLe 4,—First spectrum of columbium (Cb 1)—Continued 


| 
Strong- |Strong- 
est est 


Wave 
Intensity No. Term combi- | Zeeman | Separa- 
Are vac. nation type tion 
em-t 


9 
é 


3956. 40 25268. 3 a'Ga—t ‘Fhe, 
9955.680 | 26272.98 |[2'Fss—2 Dir 


3955. 38 25274. 8¢ 
3953. 071 25289. 66 | a ‘Ha—v *Ging 
3953. 015 25290. a *Hiy—te Diy 


3950. 966 25303. b *Fus—w *Hixs) 
3949. 927 25309.79 | a 4Fau—z *Ghy 
3949.81 | 25310. b *Pas—r Fg 
049.326 | 25313. 64 | a?Diy—e "Dig 
3047.922 | 25322. 


3947.516 | 25325 a *Ga—tt Gis 
2946. 98 25328. 67 | a *Hy—t ‘Fix 
3944. 90 25342 a *Gay4—0 ‘Diss 
3944. 417 25345 

3943. 663 | 25349. ¢ a *Fax—y ‘Dix 


3041. 611 25363. 1! a*Hysy—t ‘Hix 
3941. 286 25345 a*Da—y *F iss | 
3940. 790 25368. 45 | a* Diy *Sdu | 
3939. 26 25378. 32 | b *Gus—P* Dis 
3937. 961 25386. a*Guy— tt *Gig 


3937. 437 25390 a *Dis—y *Fix 
3036.442 | 25396.47 | a *Fa—z "Diss | 
¢ a'Gax—t Fis 
2035. 441 | 25402. 9 ot le ‘Gig 
2034. 64 25408. 12 | a °*Gus—w *Gix 
3934. 405 25409. 64 | a *Fins—z Dixy 

east a0 |f@*Hss—te *Dixy 
3934. 142 | 25411. 3: 1b 4Fase—t (Dig 
3933. 392 25416. a‘Hiwx—y ‘Hix 
2923.013 | 25418.63 | a 4Pig—y?Fiut 
3032. 59 25421. 36 | a *7Hiy—t *Gisg 
3931.933 | 25425. 


3931. 460 25428, a*Diny—z t Piss | 6 . 6 0. 958 
3930. 09 25437. 53 | a *Hayg—t Fig 
3929, 206 25442 7 a ‘Foxy —y ‘Dix “4 RG 0. 648 
3928, 265 | 25449.35 | a *Fa4—t ‘Dix 
3926. 618 25460. 02 a 4 Farg— 276i 37 0. 067 
3926. 203 | 25482. b 4Prg- Pts 
3925. 622 | 25486 b *Fayg—t "Hiss 
5. 53 25487 a *Fy4—tt *Ghuy 
25. 18 25469. a *Hy—y ‘Hix 
995 25470. a *Diy—y *F iss 


474| 25473 a *Gux—t *Fiss 
80 | 25478. : 
2. 353 25487 a *Gay—t Shy | 
2.230 | 25488 b *Fas—t *Dixg 
671 | 25492. 14 | a °Gay—w *Gixs| 
198 25501. 72 | a*Gsyy—z ‘Hiss | 
163 | 25508. 45 | a *Gu4—z SHiss | 
005 | 25509. 48 | a *Gus—z2 Hb 
7.014 | 25522. 45 | a *Hag—z ‘Hiss | 
40 | 25526.45 | 6 4Fisg—r *F iss | 


| 
692 | 25537. 59 a *Hg—y 1H | Oh | 0.688) 
362 | 25539. 74 | b ‘Fas—r 2F ix | } 
15 | 25547.65 | a*Dis—y *Pis 
O11 | 25548. 56 | a *Pin—s *F hy (0. 166)| 0. 344 | 
.156 | 25567. 21 
on an |f0*Fis—t "Dis 
665 | 25570. 42 [15 «pis —¢ 2F ing 
3909.600 | 25570.85 | a *Gs—y *Lix | 
3909. 215 | 25573. 37 | 
3908.971 | 25574. 96 | a *Fiss—y *Dbs. | ' 0.372 | 0.000 | 0. 
3908. 592 | 25577. 44 | a *Fayg—u *Gixs | | | 


| | 
| | 
' 
| 
| 
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TaBLe 4. —First spectrum of columbium (Cb 1)—Continued 


Wave , 

| No. Term combi- | Zeeman | Separa- 
vac. nation type | tion 
' 


Strong- Strong- 
d air A est 


| | 
em! | 





25588, 52 | @ *G4—2 “Hiss | | 0.566 | (0.885)! 
35592. 12 | @ 2Das—u 2Dix | | 
25602. 08 
25606. 29 | a *Gays—z 4Hixg ) . 63 (0. 742) 
25615. 21 | 0 4Dasyg—w _— 


| 
25621. 44 | b 4Doys—w 2P ix, | 
25628. 34 P i 
25638. 79 3 

25640. 76 | a 7Hss—z *Hgs 
25643. 24 | a *Fayg—z *F hig | 


25646. 88 
25656. 02 | 5 *Payg—a *Gix, | 
25660. 11 

25660. 80 | @*Diss—t Fis | 
25666. 76 OFue—* “Dis | 
25668. 67 | @ *Day—y *Fixx 
25671. 11 | 6 *Dasg—8 *Dixs | 
25673. 03 | a Hass—y *Eips| 
25675. 05 | @*Das—y Dix | 
25677. 74 | @*Gays—r *F ing 
25680. 74 | @*Diyg—z 4Sixs? 
25681. 46 | @4Dayg—u? Fig? 
25684. 30 | 

25691.09 | @*Diy—y *Dixs 
25604. 69 | @*Gaxx—t * Fins 





25701. 01 | @*Fus—y *Gixg 
25702. 06 | 
25703. 39 | @ ?Poxs—u2Dix 
25708. 41 | 6 *Fus—t ‘Dix 
25709. 67 | @ *Days—0 * Diss 


25710. 99 
25721. 74 
25725. 65 | @ *Diss—y *Diss! 
25728. 22 | a *Hsis—y *Hiss | 
25729. 76 | a ‘Hess—y *Hixs 
| 
25735. 95 
25745. 08 | @ *Day—y ‘Fixx 
25746. 7 
25748.27 | @ *Hass—y "Ibis 
25762. 31 | 
| 
25768. 29 
772.79 | a *Fag—y *Disg | 
3.78 | @ *Days—y *Fixg 
78. 66 ;@ *Dag—t * Diss | 
782. 15 | *Duss—y "Diss | 
10 | @ *Gusg—z 4Hiss 
12) 
25794. 04 | @ *Fiss—y *Diss | 
95704 59 1{@ *Has—y ‘Hiss 
avi 4. ve ila *Pixg —t ‘J dix | 
25796. 36 @ *Gas—r 2 Fxg | 


25798. 50 | 6 4Piys—400 S35 
25810. 57 | a *Das—v *Gix 
25820. 75 | a *Fag—z *Dixs 
25824. 57 | a *Days—z#' Piss 
25828. 06 | @ *Giys—0'Gixg 
25835. 26 | a ‘Pxs—z Gis 
ao |{a*Fas—z *Dixg 
25840. 32 N\a*Fug—z "Diss | 
|fa*Pag—v Ping | 

25842. 05 {la *Doss—y 2Piss 
25846. 40 | a *Days—2z *Gixg 
25849. 91 | a *Gus—tt 2 Fug | 
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TaBLe 4.—First spectrum of columbium (Cb 1)—Continued 





some | | ‘is 
Intensity | , 4 | No. Term combi- | Zeeman | Separa- | = wi or ow 
Are | sir 4 vac. | nation type tion | = m1 


| 





| 

b *Dayg—411 fig 
@ PF yyg—ts *Gixg | 

b *Pin—s 'Ging 

@ *Pin—tu *Gig 

5 *Fay—t ‘Diss 


a ‘Gus-r *Fixs 

b *Fas—w THis 
@ *Piyg—y ‘Sis | 
@ *Dox—y * Diss | 
@ *Poy—t Diss) 


b 4Fiygs—t "Dig 
3.65 | a *Gas—y "1g 
76 | b4Fis—z 2Pbs5 
. 237 . 4 | 
. 953 .45 | a *Dinx—y ‘Fix 0.784 | 0.302 


. 162 911.76 | a *Fayg—t *Giig 

. 00 2.84 | a*Diy—y *Dis | 

. 683 .70 

456 5929. 94 | a*Doy—y *F iss 

. 146 03 | a*Has—y tis | 
O4 


. 698 | a *Has—s *F ig 
. 127 38. 88 ae rd ous 
|fa*Dayg—te * Diss | 
- 59 942. 50 Ng (Pays —ut Fig? 
388 | 25043. 86 | a*Hays—s 2 Fig | 
. 096 5045.83 | a*Hss—w ie 
| 
2 fa*Piy—t *Fixg | 
0.744 | 2 . 41 \a4Payg—w 2F hig | 
. 00 5993. b4‘Das—414f 
.900 | 25994. a*Dax—y * Dix | 
= fat*Disg—z * Ph | 
5. 307 . 38 10 *Pisxs—r SPs 
ml ¢ fa*Dayg— 2Ding | 
079 | 25000. 92 {seas —u 2s | 


| 








. 090 . 61 | a *Hes—y ‘Hh, | 
. 927 9007.71 | a *Pay—o * Fins | 
20009. 82 | a *Fax—y Diss | 
. 453 A010. 92 | a 7Hs4—z Hig 
. 709 5015. 96 6 *Gus—y Hs | 


. ~ fatFas—t *Gix 
62 he (beDin—4idte | 
89 | a@*Diyg—2 2 Diss | 
. 995 26047.91 | a *Payg—w * Fxg | 
54.14 | 0 *Payg—s “Dig 
56. 44 | a *Hayg—8 Fig 








58. 38 | a *Diys—o "Dixy 
59. 69 

57.05 | a *Doxs—y * Dis 
71.14 | 0 4Fayx—w Ping 
5.46 | 


76. 62 | a*Day—z ‘Sis 
10 | a*Hays—y "lig | 

7.75 | b4Day—q¢ ‘Fix 
.12 | b*Dow—¢ 4 Fis | 

96 | a*Gay—r Fis 





. 68 | a*Das—te ‘Dig 
26102. 24 | 2 ‘Dux—g "Shy 

(b°Gayg—p Fis | 
26104. 61 \b«Days—2 2Gise | 
26115. 61 | 0*Diss—@ {Fin | 


@ *P4—w * Fig | | 
26122. 64 | a *Fays—t *Gix . d 0. 648 
26125. 65 || a *Fay—t *Ging 

| 26133. 60 | a*Das—w Sig 
3824. 882 26137. 21 | @ *Dasg—y "Diss | | , 1.171 1,415 
3823. 255 | 26148. 33 | b ‘Dayg—416 fg | 


26122. 13 | 
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TaBLEe 4.—First spectrum of columbium (Cb 1)—C continued 








Wave 

| No. Term combi- | Zeeman 

| vac. nation be type ij ‘= 
_| 


Strong: | Strong: | 
| est est 


cm- Pp 








~ 
| 


7 


2 3 4 5 








’ 

| | 
26149.15 | a *Hass—y "1855 | 
26150. 38 
26162. 38 }@ *Disg- ~z ‘Pix b 0. 585 
26176. 45 | a *Poy—y ‘Sis | . -- 
26183. 01 | 6 4Pays—w *P iss 

' 

26193. 62 | 
26195. 69 | a *Fay—y *P ths | 
26201. 43 | a *Das—2 ?Ghg 
26210. 49 | a *Fayg—z 2 Fig 
3813.470 | 26215. 42 


3813. 01 26218. 59 | a *Pix—t ‘Dis 
381.035 | 26232.17 | a *Dixs—y "Dis, | 
3810.88 | 26233. 24 | a *Dox—z *Pix | 
3810. 50 26235. 85 | a (Hayg—ts Gh, | 
3807.95 | 26253. 43 la @ *Pyg—w *F Ty) 


26256. 63 | a *Gays—t *Dins | 
26262. 52 | 6 *Pis—a ‘Diss | 
26265. 52 | a “Hayg—t *Giss 
26275. 62 | a ‘Hsys—t *Gixg 
26279. 27 | b ‘Day—q *Fixs 





| 
26281. 52 a *Da—z *Gig 
26283. 10 | a *Pax4—w *Dixg 
26288. 09 | a *Dis—z *Dixs 
. 11 | 6 4 Fayg— *Giys 
26290. 67 | 


.19 | a *Fayg—y *Phss 
. 84 | a *Hag—ts Gig 
4 @ *Gus—0 *Ghis 
3. 98 | b ‘Diss —@ * Fins 

| a *Ga—w *Hixs 


1a *Day—z *Disg 
@ *Fayg—v *Hisg 
@ 4Fayg—2 * Piss 
b ‘Dayg—416 fig 


5 | a *Dox—? *Dig 
a 1Has—w Hiss 
@ *Gy5—t *F ig 
a ‘Hay—t *Fisg 

a *Pas—w Fis 





@ *Dus—y "Diss 
76.80 | a *Dayx—z * Dig 
| a *Fyyg—z 2 Piss | 

. 188 390. 38 | a*Diy—* Dig 

| 

5.31 | a *Fax—zt * Dig 
7. 280 6396.70 | a4D%s—y *Sing 
. 064 $398. 21 | a*Diss—z Dig 
227 | 26404. 95 | a *Fus—z Diss | 
5404. 93 | 


384 .92 | a *Piys—0 Fig 
.73 49 | a*Disg—z Siig | 
3. 844 $420. 67 | a ‘Ha gt $Giis | 














782.71 428. 59 | a “Gays—Z *P lig 
40 | 26430. 76 | a*Days—u2Diys| 


' 
.017 . 43 | a *Dayg—y *Diss | 
. 22 . 00 | 
. 03 5454. 33 | a4 Dayy—0 * Diss | 
. 675 26456. 82 | a*Dow—z Pixs | 
.670 | 26463.85 | b*Daxs—¢ ‘Fits | | 











61 a tFos—z eH | 

32 ee —276is, | 

. 46 | b Pugs * Fig 

. 42 | a Hag —te *Gig | 

3775. 16 11.45 | a *D—u ‘Dire 
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TaBLe 4.—First spectrum of columbium (Cb 1)—Continued 





Strong- | Strong- | 
est est | in 


Intensity eee . Term combi- | Zeeman - 
ir . on 
Pp 


Are nation type 








3774. 44 @ *Payg—te Fist 
3774. 39 7 @ 
a*Fas—z ‘Dig 
3778. €38 (oaPei—t 10% 
3773. 154 @*Hays—t *F i 
3772. 721 @ ‘Fuy—y *P iss 


3771. 848 . @ *Days—2z *Ghis 

771. 78 . 
3771. 14 . 68 | a *Pix—v * Ping 
3770. 870 ; 
3770. 71 , a *Hsy—u *Ghig 


3770. 332 
3769. 983 81 | a %Hss5—tw 2B 
3769. 624 34 | b‘Days—p 2F hg 
3769. 145 71 | a *Fiyg—z ‘Dig 
3767. 421 85 | a *Payg—w *Ghig 


@*Das—y !Diss 
@ *Pix4—t *Dis 
a *Dox—Zz "Diss 
b *Fa—s ‘Fis 
a*Diy—z "Dix 


b *Pax5—414f 
a*Diyx—y ‘Dix 





a *Pay4—w ‘Dig 
@ ‘Hay —z *H5s 


a*Hsy—t *Fi 
a*Days—z ‘Diss 
a *Fay— 


b *Fix—s ‘Fig 


a*Hus—t *Fing 
a4Hss—z ‘Hiss 
a‘Hex—z ‘Hix 
@ *Fays—2 ‘Sis 
2 'Gug— tt? Gig 


a*Day—s *F ig 
b°*Gay—n 2F hg 
a *Day—z *Gixs 
@ *Fis—y 'Pig 


_ 
4 


3750. 637 . a *Fiy—z 2 Fig 
3750. 517 . b *Paxs—¢ ‘Fix? 
3750. 223 , a *Ps4—Z *Dix 
3749. 415 | . 28 | a *Gug—w "Hh 
3749, 248 . a *Dis—y ‘Diss 


@*Gus—y "His 
@*Giu4—0 * Dig 
@ *Fiyg—s *Gig 


to 
< 


< 


a *Fays—y "Piss 


85 | b ‘Fas—e "Hig 
a *Hys—z ‘Hig . (0. 690) | 0.7 
a *Doyx—t * Dix 
a ‘Piys—w ' Fis 
b *Payg—416yg 


3741. 776 | |e *Dex—v ‘Dh | 
3741. 553 b @ *Gayg—0 2G, | 
3740, 845 724. 3 @*Day—y * Dix | 
3740. 537 . a*Has—y *1hs 
3739. 80 - 83 | a*Dayg—z Dis | 
| 





e+ o 

















eos 





Oh (1. 582)| 1. 564 


@*Diy—te *Dhgs | : 
a*Days—2 * Fis w | 0.048 | (1.206)) 1.10 


@ *Piyx—w ‘Dig | 
| @ *Fyys—z * Ply | ° 1.578 | 0.924 | 0.401 | L&® 





Spectra of Columbium 


TABLE 4.—First spectrum of columbium (Cb 1)—Continued 








d air A 


. 47 
. 742 

3723. 10 
3722. 942 
3722. 328 
3722. 170 
3721. 637 
3721. 517 
277 


. 974 
. 196 
. 852 
. 819 
. 018 
. 554 


. 782 


343 | 


448 
9. 947 


802 | 


9. 736 


3707. 803 


3707. 088 | 


3704. 137 | 


3703. 916 
3703. 167 
3701. 99 

3699. 928 
3699. 582 


3699. 078 
3698. 893 


3697. 850 | 
3697. 397 | 


3697. 155 
3697. 024 
3694. 669 
3693. 767 
3693. 667 
3693. 365 








| 
Wave | | 
No. | Term combi- | Zeeman | Separa- 
vac. nation | type | tion 
em! | 


Strong- |Strong- 
c | ot 


778.05 | 183s%¢—t *Hixs 
26782. 66 | a*Dix—y ‘Dis 
26787. 45.| @ ‘Hasg—t *Fixg 
26791. 04 
26792. 17 | a ‘Diyg—0 *Diss 

ifa*Dey—y ?Gix 
26804. 84 I) 4 *Fiu—r Fis 
26821. 98 | a ‘Hasg—z Hing (0. 984) 
26829. 14 | a *Din—z fDi q li 1, 857 
26833. 36 | a *Gsy—0 *Hix 
26836. 63 | 4 *Dayg— tu Dig 


26838. 32 | & *Faz—t *Giis 
26841.85 | @ *Piy—t Fh, 
26847.10 | b *Pas—q *Fisg 
26851. 73 
26852. 87 


26857. 30 | 6 *Fus—o *Hbis 
26858. a *Fay—y 'Pig 
26862, 28 | a *Piss—t 2Dix 
26863. 15 | b *Fa—v 7Hixg 
26864. @ *Pin—Z *Pixg 


26877. b *Diy—8 *Dhig 
26884. a *Ga—8 'Fisg 
26891. 90 | a ‘Has—r *Fixg 
26895 @ *Hsy5—z *Hing 
26901. a *Dax—y ‘Dix 
26003. b *Fay—t *Ghs 


26908. a *Hay—t *Fix 
26011. 35 | 6 *Das—r *Gixg 
an fa *Da4—276 uy 4 . . 582) 
26018 \a*Hi—w Abs 
26924 a *Diun—z * Dix 6 | . & . 549) 
26928 b ‘Fas—s *Fisg 








26933 la *Pr4—0 2 Fig 
26036. 79 | a *Dox—y* Diy 
26043. 29 | a ‘Hay—z Hix | 
26046. 92 | a *"Gas—z *Hixy 
26047. | 








| 

26948. 46 | a‘Fay—z Fs 
: |fa*Pis—w *Disg) 
26050. 74 |) 4 2Dsyc—u *Ghig 
26954. | @*Fays—@ *Fixg | 





26958 

26962. 51 | a *Fayg—z ‘Diss | 
26967 a *Das—y ‘Dis 

26978. 5: 
26985 @ *Poy—t ‘Ft | 
26989. a ‘Hey—z ‘Hing 

26990 a *Gsu—0 *Hhs 


| 
26006. 26 | a ‘Gsy—8 *Finst 
= fa*Gus—0 *Gix 
27008. la *Dayg—0 *Gisg 
27019. 


27022. 


27026. 10 | 6 4Fau—s ‘Fixs 
27027. 45 | 6 *Fix—400i 
27035.08 | a *Da—z *Dhis 
27038. 39 | a *P2sg—w *Dixg 
27040. 16 | a *Fauy—8 *Gixg 





27041. 12 | a *Fi—2 ‘His 
27058. 35 a *Hew—y *Tiss 
27064. 96 | a *Fax—q * Fix 
—_—- atFiy—z ‘Six 
ehgnabed Gans *Pixs 
27067. 91 | a *Po—w *Diss 
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TaBLEe 4.—First spectrum of columbium (Cb 1) —Continued 





Intensity 
Are 


r 





| l 

















Wave 
—~ No. Term combi- Zeeman | Separa- | —- ae 
air vac. nation | type tion | os m7 
| n 
cm-~'! | 
pes 
2 3 4 oer 8A 8 s-i.s 
3602. 518 | 27074. 11 | b 2Guyg—t His | 
3601.37 | 27082. 53 
3689. 409 | 27096.93 | b *Fax—e 'Giy | 
3689. 038 | 27009. 65 | a “Hisy—z “Hix 
3688. 81 27101. 33 | a *Gayg—te *Dixg 
fa*Dsy—2 * Fig 
3688.698 | 27102. 15 |)0 ages? apie 
3687.440 | 27111. 40 | a *Ga—s *Fix 
3686, 665 | 27117. 09 
3686. 557 | 27117.80 | a *Fay—z “Hix 
3686.068 | 27121. 49 | a*Pax—w *Dix 
3685.128 | 27128. 40 i spint | 
@Hsy—t *Gix | 
3684. 253 | 27134. 85 (Geto «Die 
3684.18 | 27135.39 | a ‘Fis—y *Pt 
3683.973 | 27136.91 | a*Dax—u'!Dix | 
3682.13 | 27150.49 | a *Fin—s ‘Gh 
681.360 | 27156. 17 
3680. 857 | 27159.88 | a*Dsy—y 2G3x 
3678.70 | 27175.81 | b‘Da—g ‘Dis 
3677.905 | 27181. 68 
3677. 771 | 27182.67 | a*Gus—t °F ix 
3677.084 | 27187.75 | a ‘Has—r *F ing 4 125} 0.065 (0. 984) 
3676. 307 | 27198. 50 | b *Fa—t *Ghi, 5 0.252} 0.377 | (0. 852 
3675. 304 | 27200.92 | a “Hsy—w *Hix 
3675.17 | 27201. 91 
3674. 787 | 27204. 74 | a*Day—y ‘Dis 4 0.232 | 0.116] 0.841] 1.655 
| | | 
atDin—y Dh | 
3674691 | 27205. 45 (erP soa | 
3674. 469 | 27207.10 | a *Hag—y "18s 
3673. 227 | 27216.30 | b ‘Fasg—r ‘Fix | 
3672.726 | 27220.01 | a *Fg—¢ *F hss | 
3672. 580 | 27221.09 | a *Giy4—2 *Gix 6 | 0.065} 0.914] 0.903 
3672.443 | 27222.11 | a*Day—276ixy 
3671. 735 | 27227.36 | b “Fa—r ‘Fixx 
3671. 372 | 27230.05 | a*Gau—s ‘Fins 6 0.251} 0.602] 0.856 | 0.722 
3669. 736 | 27242.19 | b 4Fis—t *Gix 5 0.218 | 0.109 | 0.943 | 0.398 
3669. 347 | 27245. 08 | | 
3669.000 | 27247.58 | a‘*Piy—w'Dis} 4 | 0.402/ 0.196| 0.712| 1.718 
3668. 626 | 27250.43 | a *Pou—w ‘Di 5 | 1.444] 0.722| 0.457) 2.623 | 
3668.435 | 27251.85 | 6 *Dayg—r* Dix? 
3667. 760 | 27256. 86 | 
3667.665 | 27257. 57 | a‘Hays—t *Dix | 
3667.001 | 27262. 50 | a *Gus—s (Fig 
3666. 27265. 98 | a “Hayg—z “His | 
3665. 157 | 27276.22 | 6 *Fas—t Gig 7b, 6 | 0 | 1,229 | (1. 224) 
3664. 822 | 27278.72 | a *Hix—tu2Gix | | 
3664.692 | 27279.68 | a *Diyx—z "Dix 4 w 1. 437 (1. 582) 
| | 
3663. 432 | 27289.07 | b Frg—t *F his | 
3663. 313 | 27289.95 | a *Gay—t 2Gix, | 
3663. 167 | 27291. 04 | @4Day—u ‘Dis 
3662. 927 | 27292. 83 
3662.051 | 27200.36 | a 4Fiy—z *P his 4 0.366 | 0.181 | 0.223 0.406 
3661. 680 | 27302.12 | a*Days—t ‘Fis | 
3660. 7 27309. 13 | a *Hay—r 2F hs 
3660. 498 | 27310.94 | a4Diy—u Dix 
3660. 364 | 27311.94 | a ‘Fus—yp ‘Gis 6 | 0.097} 0.436] 1.325] 1.373 
3658. 750 | 27823. 08 | 6 *Fas—¢ *Fix | 
3658. 648 | 27324. 74 | a *Hus—t 2Ghs | 
3658. 604 | 27325.07 | a ‘Piy—z *Dixg 
3657.897 | 27330.36 | @°Fis—g*Fix | 6 | 0.15 | 0.69% | (0.86) 
3657. 603 | 27331.88 | b *Fiy—s ‘Fas 
3657. 254 | 27335. 16:| a “Hay—y "Ths | | 
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0.92 
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TaBLe 4.—First spectrum of columbium (Cb 1)—Continued 






































= wae j | r | : 
| Wave | lg is -| 
semsity | , a No. | Term combi- | Zeeman | Se wr Poe 
g Arc | ~s vac. nation type tion | - ; 7 
; cm-! | ad 
— EE — | ——s | at Chae ay _ — 
: 1 2 | 3 4 , of | 6 | 7 | 8 | 9 10 
om —_ - , ‘= an os —— 
18 | 3657.110 | 27336. 24 | b *Fas—t *Ghs | 4 | 0 1.02 | (1. 22) 1.16 
A 3656. 495 27340. 83 | b ‘Doy—p*Disg | 
| 3656. 265 | 27342. 55 }a*He— "His | 
3 | 3655.975 | 27344.72 |a*Dix—y ‘Pix | 4 0.606 | 0.303] 1.563 | 1.866 | 2.472 
‘ | 3654, 27356. 28 | a *Fuc—z ‘Fig | 
| | 
{ | 653.616 | 27362. 38 | b ‘Dix—PiDhg 
| _ fatFys—z* is 
{ | 3653.276 | 2736492 119 eg oP hy 
| 3651.304 | 27379.70 | b 4Faxs—r *Fing 
0.V | 3650.803 | 27383. 46 | a*Dus—y 2Gixg 
3650. 516 | 27385. 61 
2 3650. 31 27387. 16 | b ‘Fo—s ‘Gis, 
4 3650. 168 | 27388. 22 | a °*Gus—y ‘Hix 
0, II 3649. 854 | 27390.58 | a*Day—y ‘Pi 7b, 5 0 1. 654 |(1.652) | 1.649 
3d 3648. 063 27404. 03 | 6 *Pisg—41646 
1 3647. 867 | 27405. 50 | a*Day—z *F ig 
3647.724 | 27406. 57 | a Pug—z (Diss , va “se 
”" oA" 7 - ~, |fa*Gu—t* is 5 . 9 ° ° 
ak 3647. 306 27409. 71 l\b (Fac—8 ‘Gh 
7 -. |fa® Saug—w * Ping 
4 3646. 118 | 27418. 65 |i 0.5.) —u aDty 
) 3645. 360 | 27424.35 | a ‘Pas—w *Dix 
0,V 3644. 935 | 27427.54 | a*Diy—s 2F hy, 4 0. 112 0.054 | 0.682 | 0.963 | 0.851 
1. 109 
ti is 3644.17 | 27433. 30 | b ‘Dox—p ‘Fis 
Se 3643. 725 | 27436. 65 | b ‘Day—r ‘Diy 6 0 1.409 |(1.43) | 1.39 
5 3643. 526 | 27438.15 | a ?*Fix—s ‘Dix 
La 15 3643. 343 | 27439. 53 b *Fus—t *Gig 5 w 1.625 |(1.120) | 1.232 
3642. 587 | 27445. 22 | a *Piy—w *Pixg 
d 3641. 543.| 27453.09 | b *Poxs—w *P is 
0, V 3640. 638 | 27459. 92 | a "Dix—276 hig 4 0. 494 0.247 | 0.632 | 1,867 | 1.373 
0c, V 3639. 335 | 27469. 75 | a ‘Gs—t ‘Gh 6 0.4lur| 1.21 |(1.26) | 1.16 
we, V 3638. 792 | 27473. 85 | a ‘Fas—z ‘Fig 
0.92 % 3638. 673 | 27474.74 | a ‘Din—u ‘Dig 
te, V 3637. 830 | 27481. 11 0 1. 074 
0, V 3637. 545 | 27483. 26 | a ‘Gays—a 'Fisg 7b, 6 0 1.084 | (1.081) | 1.087 
0.973 4 3637. 306 | 27485.07 | a *Diy—z ?F ix 
0. 616 te, V 3636. 959 | 27487. 69 | a ‘Gus— "Hix 
2 3636. 457 | 27491.49 | b ‘Fas—s ‘Dixg 
1.3 Ie 3635. 852 | 27496.06 | a ‘Hex—w "Hix 
117 fe 3635. 468 | 27498. 96 | a *"Dow—y ‘Piss 
3635. 328 | 27500.02 | a *Hsys—0 *Hixg 6 0.262 | 1.124] 1.100 | 1.148 
3634. 604 | 27505. 50 | a *Hsy—s *Fisg 
3634. 452 | 27506.65 | ¢ *Gsy4—0 °Gix 
lh 3634. 03 27509. 85 | a pA Bes 
= ani on g1¢ fa*Diys—z *Diss 
1 24 2, V 3033. 717 27512. 22 (a *Gay—t *Gins 
5 3653. 006 | 27517. 60 | b *Fay—r ‘Fig 6 0.876 | (0.852) | 0.901 
1.53 ‘ 3631.785 | 27526. 85 | a *Day—z *P is 
‘ 3431, 338 | 27530. 24 
5 3630. 71 27535. 08 | b *Piy—q Fig 
15 3630. 623 | 27535. 66 | a *Hay—t *Gas 6 0.11 0. 48 1.04 |(0.93) | 1.04 
4 3628.921 | 27548.58 | a *Fayx—s ‘Dix 
0.772 § 3627. 870 | 27556. 56 
iV 3625.717 | 27572. 92 | b *Fays—a *Ghis 
i, V 3625. 169 | 27577.09 | a *Day—r * FE 6 0.327 | 0.817} 1.040 | 1.203 | 0.876 
7 | 3624. 357 7583. 27 | b ‘(Disys—p Fh 
1, 276 be 3623. 14 27592. 53 
‘ 3622, 621 | 27596. 48 
l 3621. 92 27601. 82 | a ‘Gay—s *Fig 
} 
0, V 3621.030 | 27608.61 | a *Fayy—y *Ghig 6 0. 231 0.843 | 1.114} 1.230 | 0.999 
0.92 10 3619. 207 | 27622. 51 | a *Fay—z ‘Dig 
15, V 3618. 907 | 27624. 80 |{@{Pos—2 "Diss 
i ‘ . WOE 4 . la 2Fsig—411 hss | 
V 3618. 441 | 27628.36 | a *Diy—y *Piss | 
V | 3617.714 | 27633. 91 | 6 *7Hsy—u*Hix w 1.04 
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TaBLe 4.—First spectrum of columbium (Cb 1)—Continued 
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; 
Wave le 
a he a No. Term combi- | Zeeman | Separa- — pwreae, 
ome vac. nation type tion 
em P | ® 
2 3 | 4 | 5 et et ties 
i | 
| bi 
3616. 497 | 27643. 22 | a "Din —z *F his 
3616. 216 | 27645.36 | a *Ga— *Hhss | 
3615.971 | 27647. 24 | @ *Gus—y Hh 
3615. 500 | 27650. 84 | a ‘Ga—s *Fing 6 0.100} 0.450} 1.148 
3613.45 | 27666. 52 | a "Doy—z ‘Dix, | 
3613.013 | 27660. 87 | b (Fays—r ‘Fh | 
3612. 657 | 27672. 59 | @ *Diy—t ‘Fix 
3611. 285 | 27683. 11 | b *Gus—p 2Gixs | 
3610. 765 | 27687.09 | @*Day—z ‘Dis | 
3610. 002 | 27692.95 | b *Fisg—r *Fisg | 6 0 0. 424 | (0. 402) 
| 
3608. 316 | 27705.89 | b‘Day—p *F ix | 
3608. 013 | 27708. 21 | 6 *Fas—r ‘Fix 6 0.009 | 1.231 | 1.217 
3607.33 | 27713. 46 | a *Pin—e ‘Dix | 
3606.806 | 27717. 48 | @*Day—t ‘Diss 
3606. 492 | 27719.90 | b‘Das—p*Dix| 
3606. 272 | 27721.50 | b *Fiy5—400hi | 
3604.643 | 27734. 12 
3604. 072 | 27738. 51 | a *Day—y 2% | 
3603. 962 | 27739. 36 | a *Pow—t *Dix | 
3603.435 | 27743.41 | a *Hag—o "Hix | 
| 
3602. 876 | 27747.72 | b*Dis—p ‘Dix | 
3602. 74 27748. 76 | @ *Gayg—t *Gixg | | 
3602.68 | 27749. 23 | a*Diy—u'Ghy 
3602. 561 | 27750.14 | a@*Day—y *Piy 4 0 1.558 | (1 
3602. 219 | 27752. 78 | 6 *Fiay—g *F hy 
3600. 678 | 27764.66 | @*Diy—z *P ty | 
3599. 635 | 27772. 70 | a *Fas—y ‘Gi 6 | 0.331 | 0.829] 1.715 
3599. 279 | 2775.45 | b*Fug—s'Gig| 6 0 1.236 | ( 
3508. 343 | 27782. 67 a *Dox—¥ {Piss | 
- ~ |fatDag—t ‘Fig 
3597. 514 | 27789.07 (oeP nw Dh 
3597. 260 | 27791.04 | b ‘Fin—s Gig 
3593. 966 | 27816.51 |a*Day—2 ‘Si | dus 0.144} 0.068 | 1.434 
3593. 543 | 27819. 78 | 6 *Pas—r *Diss 
3592.360 | 27828.94 | a *Pow—t ‘Dix 
3591. 790 | 27833. 36 | a *Fiyy—z ‘Fh 
3590. 904 | 27840. 23 | a "Day—z 2Fixg | 
3590. 712 | 27841.71 | @*Gug—r ‘Fix | 
3589.960 | 27847. 54 | a@*Disy—t *Fhig | 
3589. 356 | 27852.23 | a‘Fug—y'Gix| 4 w 0.835 | (1. 
3589. 106 | 27854.17 |a®Diay—z‘Diy| = 5 1.882 | (1. 582) 
3587. 942 | 27863. 21 | b 4Fays—a 4G, | 
3587. 400 | 27867.42 | a*Gox—t *Gix, | 
3586. 860 | 27871. 54 | a*Ga—s (Fins | 
3586. 695 27872. 89 | a*Gay—400}x, | 
3584.972 | 27886. 29 | a*Dayx—y *Pix 4 0. 325 0.163 | 1.162 | 
3584.47 | 27890.20 | @°Gay—y ‘Hix 
3583. 005 | 27900. 90 He Bhs . an ee 
n fa*Pa4—0 *Dixg 0. 24 0. . 475 
3582. 369 | 27006.55 |tos ns «Ping | 
3582. 062 | 27908. 94 | a *Gsu—s *Gixg 
wan | ifa*Doys—z * Pig 
3580. 788 | 27018. 87 | Ostr sss «Gin | 
3580. 277 | 27922.86 |a*Das—y "Phy | 4 0.153 | 0.075} 1.001 | 
3579. 186 | 27931.37 | a*Hsys—t ‘Dix | | 
3578. 586 | 27936.05 | a*Day—s ?F ix 
3578. 317 | 27938.15 | a*Huy—u 2Gh %, UI 
3578.23 | 27988.83 | b *Fi—s *Gixg a 
577.721 | 27942.81 |a*Day—t*Diy | 6 0.125/ 0.313/| 1.141 1 
3577. 238 | 27946. 58 | b *Gin—p *Gix Mc, LIT 
3575. 850 | 27957.43 | a*Day—y "Pig | 4 0.181 | 0.002} 1.121 th 
3575. 139 | 27962. 99 | @*Gas—r ‘Fig | . 
3574. 312 | 27969. 46 


















































Spectra of Columbium 553 
TABLE 4,—First spectrum of columbium (Cb 1)—Continued 
AS POERES ; | 
Wave 9 
tensity | yg No. Term combi- | Zeeman Separa- | ——- 
: ~ Are aed vac. nation type tion ° g 
em-! | 
——_— ' Vi Pek ee : — | 
; ter s | 4 ak oh ei ae 7 | 8 | w 
’ c Seely | aa | | | 
3573.006 | 27978. 98 | a*Hug—t Gy; | | 
3572.10 | 27986. 78 | 6 *Ga—0 (Diss | 
be 3571. 485 | 27091. 60 |-a*Gr4—400b5 | 
= 3 3571. 124 | 27904. 42 | @*Day—r Fix | 
: ¢ 3569. 854 | 28004. 39 inet aan | | | 
| | | 
3569.692 | 28005. 66 | 
0, V 3569. 464 | 28007.45 | a ‘Fays—z* Fig 6 | 0.056 | 0.166) 1.204) 1.232 | 1.176 
9, V 3568. 7 28013. 23 | a *Pow—v ‘Dix a* | of | 1,564 (2. 650) 0. 477 
be | 3567.099 | 28026. 01 a*Dass— tu *Gis« | | 
“6 3565. 855 | 28035. 79 | a ‘Fas—y *Diis | | | | 
| | 
3565.052 | 28042.10 | a4Day—t *Fixg | | | 
“ te 3564.028 | 28050. 16 | b*Day—g ‘Diss | | | | 
' 0,1V | 3563.624| 22053.34|a*Dax—y'Piy | = 6 0.11% | 1.618 | (1. 652)) 1. 585 
0, IV 3563. 501 | 28054.31 | a *Disg—z ‘Sis 6 | G074) O.111) 1.835) 1.872] 1.7 
6 | 3563.232 | 28056. 43 | a *Fixg—s *Gixg | 
| | 
| 3562846 | 28050. 47 | a Ha4—u 20, 
be | 3562. 649 | 28061. 02 | a *Ga—s Gis, | 
' 3561. 697 | 28068. 52 | a*Day—t ‘Ft | 
3561.142 | 28072. 89 * Ger r Fh | | 
3560. 357 | 28079.08 | a*Dowx—z ‘Dig | 
| 
3559.470 | 28086.08 | 6 *Day—n *Fag | 
2V 3559.128 | 2908878 | a*Pox—w%Diyl 4 | 1.602] 0.796 | 0.262] 2.640 | 1.088 
) | 3558.015 | 28097. 56 | a*Diy—t ‘Diss 
m1 ! 3557. 684 | 28100. 18 | a *Fis—4168% | 
5 2 3557.023 | 28105. 40 | 6 *Pinx—#?Dix? | 
3556.022 | 28113.31 | b‘Das—p *Fiss y 
- @, IIT | 3554.666 | 2812403 | a*Dius—p *P ts 6 | 0120] 0.180) 1.919] 1.861 | 1.961 
4s 0, IV? 3554. 524 | 28125. 16 o SF us— z ‘Fix 4 w 1. 144 | (1, 235)} 1.202 
. 10¢ 3553.613 | 28132. 37 | 6 ‘Da4—p*Dig? 
6 3552. 227 | 28143. 34 | a*Da4—2 *F ig | 
3552.000 | 28145. 14 | a*Day—u'G 
3551.37 | 28150.14 | @?Fas—¢ ‘Fix 
704 | 3551.102 | 28152. 26 | a *Gs4—s *Fixg 
| 3550.624 | 28156.05 | a?Da—t ‘Dix ‘ 
0, IV? | 3550. 448 | 28157. 45 | a *Da4—z "Ding 6 | 0.179) 0.448] 1.562] 1.652] 1.472 
3550. 237 | 28159. 12 | a*Dix—z ‘Diss 
| 3549. 96 28161. 31 | a ‘Diss—8 *F ig x , 
3549. 263 | 28166.84 | a 2Fau—s 2Gix, 5 | 0. 21 1. 10° | (0.86) |.0.94 
5,V | 3548.130 | 28175.84 | a *Fay—y *Gig ae = 0.962 | (1.029)| 0.999 
24 ) 3547. 426 28181. 43 | | 
F 2 | 3546.910 | 28185. 53 | 6 *Fis—s ‘Dis 
8 | 3546.489 | 28188.88 | a ‘Fas—y 2D 
5 3546. 160 | 28191. 49 | a *Gay—r *Fing | 
2 3546.031 | 2819252 | a 4Fau—z *F fx | 
be | 3545. 381 | 28197.68 | a *Gu—s *Gix 
976 0,1V | 3544656 | 28203. 45 | @ *Pas—0 *Diig 4 0.197 | 0.104] 0.901 | 1.590 | 1.304 
0, IV? 354.031 | 28208.43 |a*Doy—2'Sig | 4 1.523 | 0.763} 1.0380] 3.314] 1.791 
Vv 3543. 936 | 28200. 18 a 2Ds wei ts 
25 F | o | wn, 1102 “ 
‘ h) 3543. 745 | 28210. 70 tum yd 
1 3543.55 | 28212.25 | a *Piss—t *Ghy | } 
| 
5,.V =| 3542.983 | 28216.77 | a *Fins—y 'Ghrs 5 | 0.202; 0146) .. | (0.402) 0.604 
10 3542. 560 | 28220. 14 | a ‘Fus—y *F ix 5 | 0.200; 0.105; .. | (1.330)) 1.130 
692 De | 3541.808 | 28225. 41 | b *Fas—s 'Ghy 
\id,V | «-3539.650 | 28243. 34 | a *Dayg—t*F ig? t | 0.685 mn 
2 | 3538.076 | 28255. 90 | 
8, II 3537. 475 | 28260. 70 | a *Day—y *Pixs 6 | 0.122!) 0.306| 1.730] 1.678 | 1.800 
oa | 3536.212 | 28270.80 i ore | 
078 1 | 3535.845 | 28273.73 | 6 *Pas—p ‘Fis | ss 
. | fa* Diys—y *Pig| 6 0.124 | 0.425| 1.642] 1.580 | 1.704 
oy A EL | 3585. 304 | 2827806 asp i—y6Pig| 4 | 0.674| 2616] 3.326 | 1.986 
ib | 3534,85 | 28281, 69 |b *Hys—u *Hix 
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TABLE 4.—First spectrum of columbium (Cb 1)—Continued 
Wave | 
Intensity <a No. | Term combi- | Zeeman ones ow~ a | 
Arc oe vac. nation type tion | an | 
cm! | | P | ad 
ee 
| — 
1 2 | 3 | 4 | 5 6 | , hea " 
aa | 2 Se 
7 3534. 428 | 28285.07 a *Gn4—t “Ode | | | 
We 3534. 114 | 28287. 58 Cees ‘Dit | | 
40, IV 533.667 | 28291.16 |a "Diy—y*Pi | 4 0.261 | 0.134 | 1.226) 1.878 | 1.617 
Be 3532. 521 | 28300. 33 | a ‘Dayg—te ‘Gig 
7 3530. 824 | 28313. 94 | a *Fix—p "Fig 
10 3530. 093 | 28319.80 | a *Hus—t ‘Gin 
Be 529.304 | 28325. 41 | a ‘Hay—e *Fig 
10¢ 3528.15 | 28334.07 | a ‘Day—t ‘Fin 5 | 0.201] 0.102) .. | (1.420)) La 
10 3527. 959 | 28336. 93 | a ‘Gay—s ‘Di 
6¢ 3527. 280 | 28342. 39 | b *Hix—o ‘Diss | 
10 3527.108 | 28343.77 | a ‘Gixs—r ‘Fig 5 0.385 | 0.1938) .. | (0.742)) Lin 
2 3526. 209 | 28350. 99 | a *Hss—r “Fis 
& 3525.88 | 28353. 64 | a *Phig—w 2G! 
30¢, V 3525. 219 | 28358. 95 | a ‘Guy—8 *Giis 7b, 6 0 1.26 | (1.26) | 1% 
8 3524. 93 28361. 28 | a *Gay—u *Ging 5 0 0. 958 (0. 885)) 0. 827 
12 3523. 156 75, 56 | a *Diss—r *F hig 4 0 0.770 | (0. 953)| 0. 880 
6 3522. 787 | 28378.53 | b°Gas—m*Fiy) = 4 0 0.81 | (0.90) | 0.% 
2 3522. 630 | 28379. 80 | @ *Hus—t ‘Gh 
12, V 3520. 717 | 28395.22 |a*Diy—z‘Diy| 4 0.381 | 0.197 | 0.898) 1.851) 14 
40, IV 3520.055 | 28400.56 | a‘Fiy—z ‘Fi | = 6 | 0 1.017 | (1.229)! 1a 
6 3519. 337 | 28406. 35 | a ‘Diss—t *F is | 
8, V 3518. 180 | 28415. 69 | @ *Fi4—g ‘Fix 
5 3517.84 | 28418. 44 , a *Gag—s Gig 
12 3517.77 | 28419.00 | a *Pin—e Ding 
10 3517.111 | 28424. 33 | a *Fayg—p *F iss | 
15, V 3516.863 | 28426.33 |@*Diy-t*Dtx| 6 0.055} .. | (0.958)| oor 
3 516.342 | 28430. 54 | b *Hog—u ‘Hb 
=, |[@Gus—tt Gig 
10 3516. 198 | 28431.71 |\y «Pig (Ding | 
3¢ 514.911 | 28442. 12 | a *Doy—z *Pisg 
3 3513. 673 | 28452. 14 | | 
2 3513. 545 | 28453.18 | @ "Hus—s ‘Gt, | 
1 3513.24 | 28455.65 | a *Ga—s ‘Ding | 
6 3512. 749 | 28459. 62 | a *Gug—t *Fing 
5 3512. 309 | 28463. 19 
1 3511. 614 | 28468. 82 | @ "Dag—z “His, | 
| | | 7 
. ODys—w'Pths| 4 | | 2. | O82 | (1.206) 1.67 
ae, V ssi1. 180 | 28472. 27 |{¢ #F5— Fis | 6 | | w@ | naz | (13) | LH 
10¢ 3511.13 | 28472.75 | a ‘Fi4—2z "Shy 
id 3510.41 | 28478. 59 | 
1 3509. 872 | 28482. 95 | @ (Dirg—t 'Gisg 
8e 3508. 529 en | 
th 350.21 | aan. 44 |{41Qs—! (Eh | | 
80, III 3507.960 | 28498.48 |a"Dis—y *Pix| 4 | o 1.610 | (1.863), 1.782 
3506.991 | 28506.35 | 6 *Hs5s—p *Giss 
7 3506. 025 | 28514. 20 | a Das—z ¢Diss | 
12 3505. 812 | 28515. 94 | @ *Dis—t “Dis | 
poe aap zat2h 88 |o SDne—w | 6 am} 0.440 | 1.054 | 1.113 | 0.904 
y i a Gus-t is . | . 05 13 v4 
20, V 3503.206 | 28597.15 {SG es—3 (Gis | 
8 3500. 100 | 28562.40 | a *Fiy—y *F hg 
“ oe meorgech q ‘Di « | 0386] 0.183 | @.805.| 1.604 
a'Piy-0 i“ . 356 | . . 805 ' 
60d, TV | 3498.631 | 28574.46 {0 pis) apps | | | | 
5 3498. 441 | 28576.02 | a ‘Has—2 ‘Fhig | 
3¢ 3498. 358 | 28576. 69 | a *Days—2 4Hixg | " 
30, IV 3497.815 | 28581.13 |a*Day—y "Pix | 5 w 1.832 | (1.652 
5 3497.646 | 28582. 51 | a *Faxs—p 2Fhis 
2d 3496. 284 | 28503. 64 | a4Hus—t *Gixg } 
2c 3496. 027 | 28505. 75 | a *Gus—# (Diy 
1 3495.71 | 28508. 34 | @'Gays—¢ "Fig 
3d 3495. 473 | 28600. 28 
1 3495.18 | 28602. 68 | b‘Dos—e *Pt | 
3 3494.57 | 28607. 67 | a *Hsy4—t *Girg 
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Spectra of Columbium 


TaBLe 4.—First spectrum of columbium (Cb 1)—Continued 


A air 


3493. 


A 


3492. 56 


3491. 


3491. 
3487. 


3487. 
3486. 
3485 
3485. 
3485. 


3483. 7 


3483. 
3481. 
3481. 
3481. 


3478. 6 
3478. 33! 


3478 
3477. 
3477. 


3476. 


3475. OF 
3475. 5 


3474. 


3473. 36% 


3473. 
3473. 


3469 
3469. 
3469 
3468 


3468 
3467. 
3466. 
3465. 
3465. 


3463. 
3463. 
3463 

3462. 


3461. 


3460. 
3459. 
3458. 
3458. 
3458. 


3457. 
3457. 
3456. 
3456. 
3453. 


3453. 
3452. 
3452. 
3451. 
3448. 


442 
244 
135 

2 
549 
474 
231 


860 


610 | 


813 
685 
033 
647 
61 
66 


951 
87 

740 
801 


205 
993 


702 


543 | 
425 | 


08 


652 | 


373 
12 


76 


644098—45 


Wav 
No. 
vac. 


e 


cm 


28616. 


28624. 


28633. 
28636. 
28663 


28665 


28672. 


28678 
28679 


63 
13 
.01 
73 
08 


. 50 
04 
53 


79° 


ZBs00. 2 


28801. 


28814 


28816. ! 


28817 
FRR190 
28816 


92299 ¢ 
28822 - 


2RS3 1. : 


28841. 55 


28844 
28846 


28861 


28862. 75 


28868 
28871 


28880. 


28887. 
28895. § 
28902. 2 


28902 
28904 
28911 


28916. 
28918 


32 
28922. 3: 


28948. 5 
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Zeeman | Separa- 
type tion 


Term combi- 
nation | 


a *Days—t ‘Dig 
b ‘Diys—0 2P hig 
fatFix—y * Dig 
1D 4Faug— 416fx, | 
a *Fiy—z *Fiy 
a *Pis-r ‘Fins | 


@*Dayg—s *F iss | 
a *Fag—r 2Gix, | 
a ‘Fiz ‘Gig 

| 
@*Ga—-t ‘Gix 
a ‘Dou—t Fis 
a *Dax—y *Gix 


fa'Gug—r ‘Ping 


latGa—q *F ing | 
a *Pox—e *Dis 
| 
a ‘Po—z *P3 
a *Ding—t * Dig 
a *Din—z *Ping 
a *Dag—t *Ghig 
b 4*Fug—e 2*Gixg | 


0. 391 


! 
{Hyig—v *H bys | 
*Hsig—8 * Piss | 
)«Fisg—g (Fg 
) *Faug —41 4354 
2 *Gis—4l lig 


a ‘Gat Gig 
b 4*Pas—q ‘Fig 
@ *Pax—0 *Dixg 
a *Gaug—z Eis 
b *Gus—p 2Ghys 


fa? Fag—s * Dh 
atHas—ve "Hix 
a *Guy—Z Hig 
a *Gi—e8 ‘Ding 
a *Dax—z ‘Dig 
@ *Hix—s *Ging 


a *Das—t *Diss 
a*Din—t ‘Dix 
fatHeas—t "Gig 
b«Fas—p *Fixg 
a *Fin—z *Fing 
b 4Fus—p *Fing 


1. 101 


0. 603 


a *Gus— 

b Fan—a Fh 

a *Hys—8 *Ging 
fatFass—y *F ing 

1b *Faus—r *Fixg | 


0. 302 


0. 101 


a *Dayg—2 4H§y, | 


a *P2g—0 *Gix 

a *Dag—t *Dixg | 

a *Pas—z *P hy, | 

@ *Gug—r *F hg 

a *Pos—y *Piss 

‘Dag—t ‘Diss 0. 309 

a *Fusg—2 Sig 

b *Gas—t *Hixs? 
Gis s—Y "Tiss 

) 4 4—@ ‘Fis 
‘Day—w *Hing 


*Pisg—y * Pig 
‘Hos—t Gh 


0. 120 


a *Gay—r *F ig 


Strong- 


ee | 


est est 


. 225 


0 7 . . 552 


0. 194 


0. 551 
0. 303 
w 

0. 150 


0. 354 


053 


103)| 0. 983 
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TaBLe 4, —First poeta of columbium « *b 1) —Continued 
| ea. ee : ae pe 


Intensity | io. | Term combi- | Zeeman | Separa- —— rd 
Are jac. | nation | type tion | Pp 
| | 

| 





4 5 | 6 





843 | 28005.36 | @ (Fus—z 2G, 
5. 747 20004. 58 | a *Gaig—t Fins 
5.382 | 29007.65 | 4 *Din—z *Pixg 
5, 67 29013. 65 a ‘Gun—s ‘Gin 
2. 800 20037. 83 | a *7Hus—4ll his 1,62—) (0.93) 
| | 


2. 655 06 | a *Ga—z ‘Hig | 1.378 | (0.885 
. 702 53. 99 | a *Gas—w *P iss | 
3439. 342 57.08 | @ *Dag—y “Gig | 
5. 064 - 14 | a *Ha34—400 ang | 
35. 04 < 


ee ee 
| 


118 . a *Dug—z * Fig 
33. 18 20 | b 2Guc—t *Hiss | 

. 099 9119. @2Gus—w *Hix 
32. 420 25. 64 | a *Doy—t Dig 

. 955 29. @ *Fa—y 2 Fas 


064 | 29137.15 | a *Day—t *Diss | 
. 059 2 ‘ @ *Px—Zz ‘Six .2 0. 109 
. 795 . 44 | a “Has—s *Ghi 
28. 369 50. 06 | a *Disg—t I Diy, | 
3427. 454 | b7. afFus—o *Fix 


. 730 @ *Hyys—t *Gixg 
3425.855 | : . 46 | a *Gay—r 2G 
3423. 765 99.27 | a *Fug—z *Ghig 
3423. 23 203. 83 | a *Fa—r ‘Diss 
3422. 35 3 b *Fasc—r 2Ghys | 
| 
3422. 119 | . @ *Poag—te PF hy | 
3420. 287 29228. @ *Dag—z Fig | 
3420. 11 
3419. 148 . 70 | 0 *Fa—q *F iss | 
3417. 867 65 | a (Diyg—t *Dh | O.148 0. 211 
3417. 272 ‘ @ *Pox—y 2 Pin 





3415. 984 35. a'Dus—w *Pixg 5 0. 079 
3415. 603 | 20269. 04 | a *Hys—s *Giy 

3414. 070 2. @ *Fas—w AF iy | | , 246 0. 123 
3413. 51 99 | a *Hay—r *Phsg 
3409. 915 29317. 86 | @ *Has—r Fis 


| 
| 


3408. 380 29331. 07 | @ *Fa—z 'Gixg 
3407. 980 29334. b *FPas—a * Dig 
3406. 616 29346. @ *Pix—z *P ing 
3406. 140 29350. ia ‘Das— t*Dig 
3405. 418 20356. 58 | a ‘Day—t ‘Ding 


i 
3404. 512 | 29964. 39 | @ *Day4—2 "Siig 
3403. 755 | 29370. 91 | a *Hss—¢ *Fiss Be 652) 
3403.013 | 20377. 3: 
3402.40 | 29382. 62 | a *Day—s 'Fisg 
3390. 967 | 29403. 6 | @ *Day—z Pi) 5 | | 1.46 . 360) 








| | 
3399. 309 | 29408. @ *Fu—z "Gig 5 . 237 064) L . 335 
3398. 254 | 20418. 46 | 

3397.836 | 29422 a *Ds—y Gis 
3397.43 | 20425. a tHus—q 2F his | 


3395. 928 29438. 6 | oF as—y *F iss | 


3305. 455 | 
5 3304. 217 | 20453. 4! 
12 3394.000 | 29454. 55 | a ‘Dos—t *Dig 
2 3393. 679 | 20458.12 | b *Fix—q *Fhig 


’ os eas ensa |fa *Fas—z *Ging 
100, I'V $302. 345 | 20460.71 |{ Sor eS S agin, 


29442. \° *Gaus—41 4155 


3391. 732 29475. @ *Diyg—t *Dig 

3391. 429 209477. 6 a@‘*Dix—z Ping 
3391. 332 20478. 51 | a *Gay—4 16:5 

3390. 623 | 20484. 67 | @ *Days—t ?Gins 

3390. 413 29486, 50 | 
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TABLE 4.—VFirst spectrum of columbium (Cb 1)—Continued 


, - 

Wave 

No. Term combi- | Zeeman | Separa- 
nation type | tion 


Strong- |Strong- 
est est 
p n 


| 
3390. 0 20489. 39 | a *Faxs—p * Fly | 
3389. 7: 20492. 44 | b °Gug—o 2Ghy, | 
3387. 29509. 64 | a *Pis—y Six, 
3387. 57% 29511. 16 | a ‘Has—s *Gig 
3386. 20516. 25 | a *Gas—q Fix 


3385. 29526. 54 
3385. 665 | 20527.85 | a *Fus—w ‘Fig 
3385. 192 | 29531.97 | a ‘Pa4—o *Dixg 
3384. 662 | 29536. @ *Ga—g *Fixg | | 0.200 
3384. | 20538 @ *Gag—8 Gig | 
| 
3383 | 20644. 10 | @ ‘Doyg—t (Digs | 
3382 29551. § b *Gu—r *Gias | 
3380. 29569 a *Pinx—z Pix 
3380 | 20573 @ ‘Gus—q ' Fix 
3380 29573 a ‘Fiy—y °F is 0. 475 0. 234 


3380. 055 20576 a *Pag—z Ths | 0. 330 0. 165 
3377. 74: 29597 @ *Gaxg— 41] 6515 | 

3376. 732 | @ *Hss—r * Piss 

3376. 20607 @ *Des—g *Ging 

3376. | 09. a ‘Gas—q ‘Fix 


3374 | 32 a *Gus—w 

3374 | 2062¢ a *Gus—Pp *Fisg | 

3373.7 29632. 48 | a *Hay—8 *Giyg 

3372. 20646 | a *Pox—z *Ping 

ean . fa *Fus—u ‘Fins 
> mn ) . a. 

3372. 206-4 \a *Fays—z *Gig 


fa *Fyx—v *Fixg 0. 092 
ila 2st this 
3369. 29666. 51 | a *Day—w *Pix 
3369. 714 29667. 57 | a *Day—z "Sig 
3360 29673. 19 | a *Hsx—s 'Giss 
3368. 426 | 29678 | 5 7Hsic—t *H bag 


3371. 33 29653. 3 


3387. 29688 @ *Diy—t ‘Dig Oh 
3367 20600. 7) a *Hsx—r *Gix 

3366. 956 20601. 92 | a °*Guy—w *Hix 0 

3365. SS. 29701. ; | 
3363. 750 | 22 | a4‘Daxs—w *Pix 5 0. 606 


3362. 866 | 29728 a *Gay—q ‘Fis 

j 29736. ‘Fay—r ‘Dig 

29741 @ *Disg—z *Pixg 

29754. 50 | a *Poy—v *Dix 

29764. : @ *Piy—w *Ping 

20767 a *Fuas—z Gig 

— fa *Doy—z *Ping 

29772 la *Has—q *Fixg 

29779. 59 | a ‘Fax—w *F ing 

29782. | @*Fas—p ‘Dix 
20784. 7 


—q ‘Fix 
! —v ‘Fix 

j ‘ip —y 28) 
3353. 67! 208 » ia y* ‘ “| 
3 G809. \a *Hag—r Fis | 
3353.352 | 29812. ; a *Hays—g 2 Fig | 
3352. 29816 


29793 a‘'Gsy 
29800 a‘Fy 


* 
. 
. 


3352. 592 | 29819.13 | a‘Pay—ve ‘Fig 
3352. 283 29821 @ *Pix5—Z2 ‘Biss | 
3351 29826, 

3351. 5 29828 a ‘Hiax—q *Fisg 
3351. 33 29830. b4{Day—m *Fixg 


3350. 6 29836. @ *Gag—t *Gis | 
3350.048 | 29841. @ *Day—s *Gixg | 
3349. 29846. a ‘Hos—s ‘Gig 

3349. 06 29850. 50 | a *Fixg—z *Gix, | 
3348. 08: 29859. 29 | a *Fay—w * Pig | 
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TABLE 4.—First spectrum of columbium (Cb 1) —Continued 





| | 


Wave | 
nate n we No. | Term combi- — Separa- 
d alr A vac. nation 
em-! 
| 
' 


Strong- Strong-| 


type tion est est 





5 





3347. 558 . a *Pys—t IDI x, | 
3346. 935 @ *Pow—z *P hss | 
3346. 09 77.07 | a *Hag—2 (Gis, | 
3345. 949 
3345. 40 ; . @ *Days—t *Gig 


4 3345. 178 . @ *Hius—p *Fixg 
3 3343. 90 ‘ 

150r, LIT 3343. 712 : @ *Fag—z Gis 
4 3342.912 | 29005. 47 | a *Din—z “Six 
2 | 3342. 48 . a *Huys—s ‘Dig 


3342. 369 . 183534—0 *Gixg 
3341. 982 79 | a *Ping—z Gig 
3339. 783 ' a 4Fyy4—w *Fig 
3339. 268 ’ a *Fas—n 2 Fig 
3339. 158 , @*Das—ti *Gixg 


3337. 87 64 | b4Fe—a (Dig 
3336. 321 M. 2 4Fays—w * Fin 
3335. 420 
3333. 970 ’ @ *Fyys—t * Fins 
3332. 704 7. @ *Fus—w *Gig 


3332. 164 b .93 | a *Pas—z ‘Tig 0. 400 
3331. 895 35 | a* Din —w Pig 
3331. 67 38 | 6 *Pax—0 “Diy 
3329. : . a*Dix—w Ph 
3329. 36 - 16 | @ *Gayg—t (Dig 


3328. . @ *Fix—y ‘Sts 
3328. 3 30035. @‘*Doy—z *Pin 
3328. 16 30038. 00 | a *Fax—n PF hg 
3327. 30040. b *Fs—p *Fix 
| 3326.7 30050. a '*Pxs—u Di 











3326. 30051. @ *Gays— tt *Gig | 
3326. 07 30056. a'*Gyay-t Ging 
3325. 30058. a‘l Ji w {Pj is 
3325. 7: 30059. @ *Fing—z *Gisg 
3322. 30086. 


3322, 30087. bin | 
ae @*Hays—r 20% 
3322. 30091. : (Srp f an | 
' 30093. 72 | a *Fug—v 2Fhys | 
3321.53 | 30007.98 | a *Gus—t 2Gisg 
3319. 265 | 30118. 51 | a *Fus—w*F iss 


30121. 08 once Ep | 
g—t *Hiss | 
30125. 81 |{ Ort t epee | 
30148. 36 | a *Fax—n *F ix 
40, V 31 5 30155. 21 | @ *Gay4— ts 2Gjyy | 
120, IV 2. 6 30179.05 | a 4Fay—w Fis | 
b *Fixs—¢ *Dis 
6 *Fus—q *Diy 
b4Fsx—p ‘Fis 
| a *Fag—w *Diss| 
30199. 44 | a *Piyg—v *Days | 
30201. 93 | b4Fag—p *F is | 
30204. 60 | 6 *Fuy—p ‘Dig 
30206. 31 | b °Gus—o *Gixg 
30213. 96 | a ‘Fau—z *Ghig 
30214. 59 | a *Pay—u Dig 


30220. 62 | a 4Fin—v ‘Fhy, 
30232. 25 | a *Dax—q *F is 
30236. 71 | a *PAs—¢ ‘Fis 
30250.01 | 6 *Fus—p ‘Fas 
30266. 18 


30268. 66 54 Buss—p Dis | 
30271. 58 | b «Pays—0 ‘Dig 
30274. 31 
d 308 | 30297.94 | a *Fayg—u tPF hss | 
3298. 977 | 30303. 73 | 






































TABLE 


3298. 410 | 


3297. 
3296. 
3296. 
3294. 


478 
250 


3292 
3291 
3290 
3290 
3289. 


921 
30 

007 
460 


286 | 


025 | 


806 | 











Wave 


No. 
vac. 
em-! 


30308. 
30319. 
30326. 
30330 
30347. 
30360 
30368 
30383. 


30386. 3 


30391. 


30403 
30405. 
30407. 
30408 
30426 


30428. 
30429 
30434 
30451 


30454. ' 


30480 
30492 
30494 
30500. 
30510 


30513 
30516 
30531 
30542 
30552 


30553 
30565 
30567 
30576. 
30582. 


30599 
30605 
30609 
30616 
30622. 


30626. 
30630 
30664 
30674 


30692. r 


30694. 2 


30703 
30715 


30718. 28 


30727. 


30728. 8: 


30734 


30744. § 


30746 
30751. 


30764 
30782 
30790. 
30810 
30815. 


Spectra of Columbium 


4.—First spectrum of columbium (Cb 1)—Continued 


Term combi- | Zeeman 
nation type | 


Separa- 
tion 


94 | @ *Giyg—t 9Gixg 
27 |a@*Dox—w ‘Pixs 
70 | © *Hag—t *Hixg | 
87 | a *Fa—u Fix 
21 | @*Fug—w Gig 
52 | 
68 
64 


5 4Pusg—n PF ix, | 
@ *P24—tu!Dix 
@ *Gsig— Pp * Fix | 
@ *Fag—o 4 Fig | 
i¢ *Fasgs—w *Dixst | 
| 


35 
40 


14 | 
61 | a *Pas—w ‘Six, 
48 b *Fusg—n IF ix, | 
67 | a*Fiy—w Fis, 
48 | @ *Fayg—w Fis 


| 
14 | a *Piyg—q *F hy | 
14 | | 
42 b *Pows—v 2P ty | 
29 | a *Fay—o Fix 
| @*Gas—g * Diss 
] 
| b4Faxu—p Fis 
a *Doys—s *Fing 
(oO *Fus—p*Diig 
Na *Pas—y (Hix. | 
| @ *Payg—w IF hig | 
99 |f¢*Das—a Fag | 
~~ |e@*Pig—p PF igs | 
43 
64 
60 
94 
83 
| 
74 \a 2Gay—t *Girg | 
14 | a *Fug—o 'F hig | 


b 1Fing—p !Dix< | 
a *Gas—v "Hix 
a ‘Piys—u *Diss | 
| @ *Ding—s Fig 
a *Foxx—u ‘Fis 


91 | 

99 | a*Day—s (Fi, | 

ll | @ *Gayg—r (Diy? 
| 


84 | a *Gux—t *Gix 
83 | 6 4Fin—p ‘F 
62 1b 
14 | 
85 | 


” 
*Gg—0 IGihx, | 


@ *Fuys—to Gis 


01 | a *Hs—q ‘Fig 
40 | a *Ping—te * Dig 
73 | @ *Fisg— *F ayy 
3 | @*Gug—t Hix 
@ *Hay4¢—41 6g, 


| 6 4Pisg —04Dayg | 
@ *Ging—t Gig 
@*Di—8 ‘Dix 
@ *Piyg—tu !Dixg 
bP iss —0 Diss 


b*(Day—r (Gi 
b*Fiss—p ‘Fis 
a 'Fay—o *Fixg 
@ *Fag—w (Fig 
@ *Gay—0 * Fig 


0. 070 


96 
69 
87 
78 
38 


@ *Fiyg—t * Fis 0. 392 
@ *Dayg—y ‘Sing 
@ *Fiy—w Fig 
a *G5-t *Gis 
@ *Gus—p 'Fixg 


559 


| | | 


| 

| Strong- |Strong- 
est | est 
n 


| 
| 


1.596 | 1.948 


0. 403 
(1. 029) 


0. SO! 
1. 007 


(1.029)! 1.070 


(1.029); 1.013 


0.895 | (0.885) 0. 905 


0.85 | (0.91) 


271 


| (1. 330)| 1 


(0. 402) 1.040 
(1. 103); 1. 160 


0. 210 1, 202 1. 237 


1. 167 


0. 593 0.397 | 0.790 


0. 582 
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TABLE 4.—First spectrum of columbium (Cb 1)—Continued 


; 71 
Wave | Strong- 5 
Intensity | » “tad No. Term combi- Zeeman | Separa- | * aaa &- Strong: | 

Arc SS 5 ae nation |} type | tion > | est 


| 
| cm-! | 








ey ke Sw ne 





3243. 725 | 89 |b 4Paye—p2Otig | 
3243. 322 "72 | a ‘Hag—q'Fhng | 
3242.928 | ; .47 | | 
3242. 67 92 | a "Hu—o*Fhis 

3241. 111 | 30844. 75 | @ *Day—w *Phyg 


3240. 582 | 78 | a *Fays—w Diy! 
3288. 975 | 09 | a *Fng—u *Fixg | 

| q |fat*Fis—w tFing | 
3238, 304 | 68 |{esGas—o Fhe | 
3237. 187 14 | @ Pingus Dig 
3236. 810 5.73 | a *Gas—p Png 


3236, 704 74 | a Has—etF his | 
3236.078 | 3 . 72 | a "Hs —p * Fix 

3235. 182 | 28 | a *Pas—s8 * Fig 

38 fa*Diyg—z Gig 

11a? Day—411i 

5. 36 | a *Hays—p *Fing 


2 \a MTT od 

. [fa*Dac—o Fixe | 

30923. |\a*Fiss—ww *Dibsg! 

30925. b *Diyg—n (Dis | 

30938 @*Das—r Fix | 
30943. @ ‘His—p * Fig 








30945. 77 | a *Hyy—r?*Gix, | 
30956. | @ *Poxy—w *P tr | 
30958. a *Fa—w *Dixg 
30972. a *Hsy—s8 "Ging 
30974. @*Giyx—q ‘Dix 


30996, @ *Pixs—u ‘Fix 
30998 @ *Pig—8 "Diss | 
31004. 27 | a4Gau—p *Fhi 
31010 | 
31013. a *Pi4—s *F ig 


31018 @ *Pox—tu Diy | 
31018 | @*Gay—e 7H 
31020 3 
31033. 

‘ (1. 029 
31036. fara s—P Fis 
31038 | @*Gas—p *Fing | 
31050. ‘Gu5— P ' Dis 
31058. 57 | a *Gays—t *Ghy, | 
31067. ! ‘Frs—0 *F 3x | 7 _ | (1.029 
31073. 1: ‘Pix—w Sig} 6 | 2/ (1.721) 


31085 ‘Pis—m *Fix 
31093 | @*Gug—t *Gag 
31106. a *Fiy—w ‘Dix 
9 92 |fa*Day—o Fins 
31112 b*Pag—r tGirg | | | 
31140. 86 | a *Gus—q 2 Fig | | 0.172° } (1. 103 


31154 a *Gas—p ‘Fh 

31166 | a*Day—r *Fhs 

31174 @*Dox—y ‘Six 

31181. 47 | a *Giy—s *Fing 

31182 @ *G344 — 400s 
66 | 31195. 57 |[¢*Gus—@*Dig? 

(a*Giy—n PF hg 

340 31198. 69 | a *Fusg—z The 
498 | 31226.30 | @ °*Guy—s 4Ghig 1.100 | (1. 103) 
537 | 31235.76 | a *Fiy—w 2Dig 1. 268 | (1. 235) 
102 | 31240 | 


182 31258 a *Gins—p * Fins 
4 31261. 12 |\6 4‘Day—o *Fixg 
18 31278. 3 

64 31293. 42 | a*Hix—p *Fix 
367 31296. @*Dix—gq *F iss 
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TaBLe 4.—First spectrum of columbium (Cb 1) —Continued 


Wave . . 
L = = * 2 + g- |Strong- 
No. Term combi- | Zeeman | Separa- | wong> Serene 


vac j nation type tion est est 


3192.73 | 31312.14 | a4Fax—v ?Fixg 

3190. 490 | 312334. 12,| a *Day—s 2Gjx, | 
3189. 560 | 31343. 26 
3187. 497 | 31363. 54 


3193.003 | 31309. 46 | a*Day—z 'Gix 
, 
l 


a *Fyg—v *Disg 


3186. ! 31372. 86 ‘Poys—w *Shry 
3185. 5! 31382. 7 *Giy—r 1Fhxg | 
3184.77 | 31390. 36 2Fay4—0 ‘Dig 
3182.399 | 31413.7 TH ig —0 *Gisg 
: 31417 ‘Fox—w 'Dhiys 


31426 | a 4*Das—¢ *F his 
31429. 67 | a *Fus—w *Gix 
$1451.01 | a *Day—w *Gix 
31455. 58 | a ‘Day—*8 ‘Di? 
. ‘ |fa4*Fiys—z *Disg 
81480. 24 11 4D 1444693 


3. 677 31500 a *Fax4—w *Dix 
. §11 3151 at Fiy—o *F ing 1. 452 | 
. 304 31513. 7 a *Fug—w *Gisg! 

‘ fa*Dag—z*Ghis | 

9 noe | 
425 | 31522. 48 |) o1Gi,,—¢ 1G, 
.168 | 31525.03 | a *Gusg—r Fis 


163 | 31535 a *Gay—r ‘Fix 

58. 599 31550 a *Pos—r !Dixgt 
8.141 | 31555. 15 | a *Das—v *Fing 
31570 | @*Piy—0 AF ing | 

31571 | 6b *Payg—r *Giss | 





31574. 19 | a *Pa—t (Phas | 
31501. ! a *Doy—p *Fing | 
a1 KE ‘ \fa?’F wu? | 
3164. 31504 a?G St 1Ghe | 
3161. 46 31621 @ *Day—w Figs | 
3161. 11 31624 @ *Giyg—8 * Ding | 
| | 
3160 31630 | 
3159. 33: 31643. 13 | a *Diy—w *Pixg 
31644. 35 | b *Paxs—o Ping | 
41646 | 2Gs54—8 * Dis 
31659 | © “Pass Hiss 
' 
321 | 31693. 40 | a *Day—¢ “Fh, | 
Ys 31696 j 
870 31718 | a tFay—e *Dig | (1. 235)! 1.330 
710 31749 la *Dowy—p * Fix, | 4 | (1. 206)| 1.140 
5. 863 | 31768. 51 | a *Diyg—8 “Dis | 


3.920 | 31778.03 | a *Has—¢2Ghss | 
. 45 31792. ¢ b *Pin—0 *Pixg 
44 31803 a *Fa—w *Dix 
2. 926 31808. 1b 4Dag—2 4D? | 
2. 644 31811. 16 | a *Gag—4llixg | 


2. 384 31813. 7 a ‘Pin —t *Fix | 
SAS 31849. 22 | a*Pas—r *F ing | 

5. 972 31868. 67 | a 4Fixs—? *Dixg 

. 49 31873.6 | a *Das—w Fins 

. 835 31890 | a *Piyg—te *Gixg 


620 | 31892.58 | a?Fax—m *Fixg 
3. 89 31900.00 | a*Pas—t *Diss 
3.088 | 31908.18 | a *Gay—g * Fig 

atl) “—v 'Fins 
|\a*Da—8 *Dig 
2. 589 31913. 26 | 6 *Pa4—n *Dixg 


2. 881 31910. 28 


. 61 31923.2 | b *Fays—0 ‘Dig 

. 554 31044. 21 | a *Fiy—w *Dixg 

197 | 31988 a *Piy—t Fix 

.12 31989. £ @ *Pa4—t *Dig | 

646 | 32014.8 @ *Fyyg—0 * Ding 5 . 157 0. 548 1. 307 
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TaBLe 4.—First spectrum of columbium (Cb 1) —Continued 





| Wave | . 7 
Intensity; , 4 | No. | Term combi- | Zeeman | Separa- ner pal Pe 
Are ale vac. nation type tion | 
em~! | 





| 
| 
| 
| 6 





b 4*P214—4695s¢ 

a*Diy4—4141 | 
rote Fins 

b *Fus—o (Diss | 

| 

| 

| 


0. 483 | 


@ *Fuys—2 "Hig 


@*Day—w * Pig 
@ *Fayg—0 *Ging 
@ *Dox—w * Dig 
@*Day—8 * Dig 
@ *Guyg—8 Gig 


6 *Disg—4751 
a ‘Hass p Phi 
on a*Pos—t ‘Fin 
32113. (oPee—u Ht 
32117. a ‘Day—4 165s 

32123. 6 6 *Payx—o Fig 


32126. @ *Gay4—8! Dig? 
32128. 95 | a‘Hay—p *Fixg 
32130. @ *Fy—0 (Dig 
32147. 78 | a*Hsy—p *Fix 
32165. a *Fix—w *Gixg 


32188. b *Fsy4—0 ‘Dig 
32198. @ *Pos—@ ‘Dig 
b'Da—o *Fisg 
32213. ! b*Fax—o (Dig 
la?Poxs—r ‘Dis 
32231.2 | a*Das—z * Diss 
32237. 67 | a*#Dix—r *Dixs 
32238. 6 a *Pin—t ‘Dix 





= fa*Fiy—w * Ding 
82247. 04 |) 5 «Fay5—0 (Dig 
32259. 
32261. 43 | a *Faxgp—2 *Hing 
32266. 43 | a ‘Pays—r * Fig 
32285. @ *Fa4—0 ‘Dig ' . 813 1. 198 1. 034 








32298. 6 *Pis—n ths 
32307. | @*Dis—@ ‘Fix 
32314. b *Fau—m * Fig 

fatPus—v *Gixg 
32351. N\a*Has—p ‘Fig 
32373. | @*Fas—t Fig 


i 

| 
aoave, y= «| {0 * Pass * Dis 
32376.7 |{o sn 's—* apt 
32377. ¢ 
32390 
32398. ! b ‘Day 0 * Fisg? 
32406 





32417. a*Day—414i 
32420. 17 | @ ‘Hss5—n 2F hig 
32428. 03 | a *Pay4—t*Diig 
32481. @ *Py4—Z2* Pix 
32502. 28 | 


32516. 76 | a *Pus—r * Fig 
32538. @ *Pos—t *Ding 
32539. 52 | a ‘Fas—y *Hig 
32545. @ *Gus—@ *Fisg 
32549. 6 @ *Fyy4—T * Pig 


32574. @ *Fiyg— (Diss | 
32602. @ *Giy—@ Fig 
32651. ; @ *Doy—0 ? F aig 
$2657.12 | @ *Ping—t*Disg | 

















1. 363 


32658. @ *Giyg— DP? Fig | : (1. 103); 1. 129 
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4.—First hqpeainam of columbium (Cb 1)— Continued 


Wave | Strong- |Strong- 


No. Term combi- | Zeeman | Separa ent est 


nation type tion p " 


3060. 39 32666 Fas—y *Piss 
3056. 608 | 32706. 5: 

3054. 47 32729 a *Fyy—0 ‘Dix 
3054.14 | 32733 | 


, | 
3053. 086 | 32744. 25 | a *P2g—w ‘Piss (1. 596) 


3052. 7 | | 
3051. 98 32756. 01 | a *Hs is | ( (1.10) | 1.06 
3051. 666 32759. 48 | a Fug *Pis | ’ 3 0. 402)} 0. 440 
3048. 092 32797. 88 a *Pxx—w Pix 5 (1. 596)| 1. 600 


3052. 32745. : Jen her vereie 5 215 175) 
| 
i 


3045. ! 32825. 31 | a *Fus—e 'Ghs | 
3041. 32864. 8 B @ *Ga4—1 2Gix 
3041. 660 | 32867.25 | a 4*Pox—t?Dix 
3041. 35! 32870. 51 | 
ja 





3040. 1-8 * Diss | 





3040. 2 a *P iy 4—t°Diss 
3039. 32 | @*Pag—t *Dixs | 
3039.19 | 32894.0 | } 
3033. 396 | 32956. 78 | @ *Poy—t*Div 
3029. 2% 33002. | @ *G35—P * Fis 


3029. 17 ¢ 2 a *Fay4—0 Gig 
3028. 6 33008 a *Hiyg—te Hiss 
3027. 89 33016. 7 a*Px—t *Gix 
3027. 16 33024. 7 a‘F; “—u? *F iss 
3023. 3: 33066 | @ *Foy—r *Gisg 


3020.668 | 33095.45 | a 4Piy—t ‘Diy 0.389} 0.146 | 0.804 
3019. 780 | 33105. 38 | @ 1Dap—n 2 Fhys | 

3019. 3 | 33110. : a *Fin—y* Pin 

3016. 258 3314 a ‘Din—@'Fivs 

3015. 2 5 | 


| 
| 
fatDs- Die | 
2 4TY¥82 | 
\\a®?Da—p *Dig 
[fa *Pos— Z*Ping | .650)| 0. 566 
j\@ ‘Daus—w IGaxs 


3007. 284 | 33242.94 | a *Fuy—02Gixg 


3013 
3012. 


3006. 
3005. | $3266. 6 a *Fa—0'Ghs 0. 904 


} 
3004. 4¢ 33273.8 | a4Da4—s* Ding | 
3000. 7: 33315.6 | @*Day—n * Fix | 
3000.11 | 
2998. 31: 3342 | a *Fag—y 2Hiss | 
2998. 220 | 33343. 43 | a *Fa4—v "Dis | 


33362.7 | a *Diy— -p Dis | 
33411 a *Pis—w * Pixs | 
33439.2 | a ?*Fsxy—t*Hix 
33448 | a ‘Poy—z?P ty | 
33449. 72 | a *Diys—0 * Fig 


33465 | a *Piys—w PS is | 
33470. 5 

33479. 6 

33501. 47 | 

33512. | @ *Fiyg—0 *Giyg | 
| 
$3528.88 | a ‘F ag—U Dis | 
33532. @ *Fa44—Z Sig 
33608.9 | 

33616.9 | a *Hus—p?*Gix | 
33632. : 


33664 la ‘Fix—y 28h 
33711. ! a *Poxs—w *Pis 946 0. 462 . 186 605 | 1 
33731. 99 | a *Pow—w * Piss | 0 2. 60 2. 650)! 2. 55 
ae on fa*Diys—P Dig 
a 33747 La*Din—y 2 Pbs 
2959.973 | 33774,25 | a*Fug—u*Disg 5 . 326 | (1.235)! 1. 
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TABLE 4.—First spectrum of columbium (Cb 1)—Continued 





| | | 
Wave | 
Intensity | No. Term combi- | Zeeman | Separa- 
Are Ss | vac. nation type | tion 
| em! | 


| Strong- |Strong- 
est est | 





33826. 01 | @ *Dayy—0 Phi | 
33880.4 | @ *Hus—p2Gix, | 
33898.2 | a*Das—ptF ass | 
33910. 73 | a *Fays—e * Dig 
s fatDiys—q 4 Diss | 
33937. 4 \a?Pox—o Pi | 


fatDay—p *Fixg | 
33979. \a?*Pin—m 2F iss) 
34026. a *Fsr —utDisg) 
34061.85 | a *Gss—o* Fig 
34085. a *Giy4—ptDix 
34123. a *Fa4—0*Gixg 


: fatDas—p * Fis 
34129. § 1b *Fus—n ‘Dig 
34173. @ *Fuys—s *F hig f wh 1.958 | (1.330) 
34180. @ *Fiyg—te * Dis 1.306 | (1. 235) 
34201. 
34277. 


34293. 6 *Fayg—n Dig 
34294. @ *Diay—y * Hig 
34317. 26 | a ‘Diy—p *F hi 
34341. £ @ *Foy—tu * Dig 
34346. @ *Giyg— pp Fingt 


34367. 
34396. ! @ *Pa—r ' Fix 
34429. 35 | a *Fax—u ‘Dig 
34452. ! @*Gax—r 'Gix 
34501. 


34504. @ *Pa4—¢ 2 Fig 
34508. @ *Pxs—s ‘Diss 
34517. 
34533 | 
34534. b *Fusg—o *Fixy | 


34550. 5 
34589. @ *Pas—s 'Ghy 
31593. @ *Fa—tu Dig 
34624. 38 | a *Diux—? *P Is 
34652. @ *Hysy—t "Hiss | ‘ | (1.10) 


} 
| 

















34665. @ *Gisg—0 Fis 
34668. @ *Gs5g—0 * Fig 
34712. @*Fsu—8 * Fix 
34718. a *Fysg—tt *Gig 
34726. @ *Gug—n Fig 





| 
34734. 3 
34777. ; . , 0.018 
34788.4 | a*Gac—n *Fisg 

34797.5 | a *Guc—t "Hibs 


34817. § 
34825. 07 | a *Faug—e# *F ig 
34845. 6 b 4Fay4—4753 

- fatFiy—u Di 
34873. 44 N\a*Pag—y Hiss 
34902. 03 











34924.4 | a *Fay4—t2F ix? 
34933.3 | a *Da4—0 *Dix 
34955. 26 | a ‘Fus—u Gh 
34967. 34 
34987. 89 | a ‘Pas—s ‘Dig | 
35026. 21 | a *Fag—t *Fisg | /@ | @ (1. 330) | 1. 250 
35037. 31 | a *Fi4—u Ding 
35053. 11 |{@*Hes—t "Hiss | f | , (0.93) | 0.9 
_ | \a?Gasg—@ *Giis | 
35059. 65 | a *Day—m 2 Fins! 
35132.6 | a*Fis—t*Phis | 
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TABLE 4.—First spectrum of columbium (Cb 1)—Continued 
iieiai ’ wee Se SNe Pes e 
Term combi- | Zeeman | Separa- | — | ——- 
nation | type tion | D r 


$5175.95 | a ‘Pix—s ‘Dig | 
35189. 43 | a ‘Fay— u *Gix | 
35247. 54 

35279. 85 | a *Fas—e *F iss | 
35281. 6 


35333. 22 | 

35338. 43 | a ‘Fux—z ‘Hh 
35369. @ (Fay —t 'Gixg 
35385. 5 a *Fays—t *Fixg 
35390. 5: 


35392. 32 | a *Fas—s *Fixx 

. fa*Fus—r *F ig 
85426. 41 |) 02H 435—0 2Giys 
35445.8 | a*Fiuy—y *llx 
35460. 4! 
35466. @*Dix—o 'Dixg 


35495 H Paxs— 41415 
35519. ! a'Giu—475ig 
35556. 17 | a ‘Hewy—r *Ging 
ne fa*Fa—u *Gix 
35601. \a *P 15, —469h, 
35677. 46 | a ‘Fut * Pixs 








35609. 77 | a ‘Fau—t ‘Fins 
35712. 03 | a *Fau—z ‘Hix 
35723. § a *Fiy—s * Fig 
35739. 33 | a *Hsy—0 *Gixg 
35756. 54 | a *Fox— *Gixg 


35784. 24 | a *Piyg—w *Pisg 
35842. 02 | a *Gas—o *Dig 
35858. 17 | a@2?Diy—m *Fix 
35878. 17 | a *Pow—o *Pixg 





35930. 18 | a *Gay,—u" Hs . (1. 103) 
35052. 87 | a *Fay—t *Fing 
35964. 4 
35968.9 | a*Fix—t ‘Fin 5 . . 176 e (0. 402) 
36026. 28 | a 4Fay4—t *Dixg | 


36037. 73 | a *Fax—z ‘Hix | 
36048. 84 | a *Fa—t (Dig ) . 39: (1. 330) 
2766. 182 | 36140. 26 | @ *H44—0 2Gisg 
2765. 918 36143. 71 | a *Fix—t Fig | | 
36176. & a a *Fyy—u 2Gix ‘ ; (1. 330) 


2760. 441 36215. 42 | a *Fix—w "Hs 
2758. 6 36239. 52 a *Fyy—t ‘Dix . 046 (1. 235) 
2755. 36278. 61 a *Fax—t *Dix 


35780. 80 | a *Pay—g ‘Fix Hi 
| 














2760. 990 36208. 22 


2755. 288 36283. 15 ja 2?Gayg—u *Hisg 


2754.066 | 36290. 24 
2753.007 | 36313. 20 
2752.682 | 36317. 49 | a *Pijs—416ix, | | 
2748.848 | 36368.14 | a *Fa—t ‘Dix ‘ (1. 029) | 


2754. 40 36294. 8 | a *Fsx—w *Hix | | 








| 
2746.910 | 36393.80 | @*Fy,—t ‘Dig ’ 146 0. 409 
2742. 79 36448. ! a *Pin—¢ * Fig | 
2741.71 | 36462.8 | a *Po—4i4i 
2741. 146 | 36470.33 | a 2Gyy,—m *F hy, 
2734. 027 | 36565. 29 | a *Disys—0 *Phsg | 


2729.829 | 36621. 51 | a 4Fus—t *Gtx 
2728. 076 | 36645.05 | a *Fag—r *Fing 

2726.080 | 3671.86 | a *Fiss—r Fins | 
2725.68 | 36677.3 | a*Pax—g ‘Dis | 
2725.33 | 36682.0 | a*Die—460i5 | 
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TABLE 4.—First spectrum of columbium (Cb 1)—Continued 


Intensity 
Are | 


2722 
2720. 
2715 
2715 


2714 
2712 


2698 
2698. 


2696. 


2687. 





2682. 
2682. 
2679. 
2679. 
2678. 


2676. 
2674. 


2670. 


2661. 





2656. 
2655. 
2654. 
2654. 
2653. 


2653. 
2652. 
2652. 
2650. 
2650. 


2649. 
2648. 
2647. 
2644. 
2642. 


2641. 


2683. 


73. 
2671. 


2669. 
2668. 
2661. 


2657. 


A alr A 


‘<_-_ 310 


. 024 


2716. 100 


. 690 


. 500 


. 198 | 


17 


065 | 


. 540 


. 052 


2605. 038 
2689. 182 


149 
713 


524 
129 
880 
015 
30 


952 
694 
332 
447 
524 


512 
283 
852 
12 


613 


984 
695 
446 
242 


476 
372 


335 
568 
001 


515 
223 
500 
449 
87 


923 


2640. 


2640. 
2639. 
2635. 


2635. 
2634. 
2634. 


2633 


825 
39 


2 


512 
704 
493 
. 981 


2628. 493 


2627 
2626, 
2623. 


2622. 
2622. 003 | 


- 435 
. 472 


. 507 | 


804 





944 | 


5 | 


Wave 
No. 
vac. 

cm! 


06 

7 22. 65 
. 51 

5 61 
16 


.74 
2. 40 
.9 


. 27 
37046. 09 


37080. 28 
37094. 24 
5. 02 
3. 13 


. 76 


7.27 

72. 76 

03 

1. 08 
3.0 


4 
37376. 36 
37395. 40 
37421. 78 
37434. 72 
91 
16 
67 
95 


7 
vi 


37448. 
37466. 
37556. 
37566. 
37616. 


37625. 
37643. 
37661. 
37664. 
37675. 


48 
74 
45 
34 


» 


37676. 
37682. 7 
37691 
37716. 5 
37724. 
7731. 
37749. 
37760. 25 
37803. 8 
37826. 


37839. 96 
37854. 36 
37855. 69 
37876. 3 

37925. 15 


37932. 00 
37943. 63 
37946. 67 
37954. 05 
38033. 28 


38048. 60 
38062. 55 
38105. 56 
38115. 78 
38127. 42 
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Term combi- | Zeeman | Separa- | 


nation | 
| 


@ A Fyyg—t (Digg | 
@ 4Fiyg—t "Dixy 
a *Pas—tr ‘Diss 

| @ *Faye—t “Diss | 


@ *Fyy.—t (Diss | 


a ‘Fuse ‘Fins 
@ *Pyg—t *Gixg 
@ *Foye—z 2*Piyg 
fatF iy6—z *Phig 
\atFas—e *Hixg 
@ *Day¢—0 * Figg 


@ *Fyy—t *Gixg 
@ *Fyu—8 *Fixs 
@ *Pis—@* Din? 
a *Fyx—s *Fix 
@ *Fiy—t ‘Ding 





@ *Fyg—t 'Disg | 
@ *Fiyg—t *Gixg 
@ *Fix—z*Pixg 
a *Fa—s Fins 
@ *Pox—g ‘Diss 


a ‘Pirs—q *Dhg 
@ *Pyyg—t *Gisg 
fa*FPaue—u *Gixg 
\a°2Guay—r *Gix 
@ *Dsx5— 4603, 

@ *Dayg—n * Fig 


@ *Px<—p*Dig 
a '‘Fug—s Fig 
@ *Fag—r * Fig 
@ *Fi—w Pix 
@ *Pus—t 'Gixg 


a *Ga4—t "Hig 
@*Ga—r Gig 
@ *Fos—s (Fig 
@ *Faxg—e * Fix 


a 'Fu—t 'Ghss 
@*GQiy—n 'Fixg 
a ‘Fax—? "Hix 
| @*Gay—0 * Fix 
a ‘Piy—p ‘Fh 


a tFiy—t 'Giy 
| a *Fax—s 'Giy 
| @ *Fin—s 4Fisg 
@ *Das—t (Ding 
a *Gay—t "Hix 





{otDus—1 2Fixs 
a *F2s—t *Gig 
a ‘*Fyux—s ‘Fix 
a *F34—400iis 
| a *Dayg— 460855 
| @ *Fayg—a *G dy, | 





ia Dus—t °Ghy 
@ *Fag—t 'Gixg | 
| @ *Giyg— Dy | 
1a *Doys—”Di x | 
| @*Fays—s *F U4 


a *Fuas—r ‘Fix 
| 
| @*Fin—s *Fig 


| a *Pas—s ‘Gu 
@°Gy,—t Hid 


type tion | 











Strong- | Strong- 
e 


st | 


p 


0. 922 





1. 142 





0. 424 


0. 895 


1, 182 
1, 293 





(1, 235 


(1. 330 


(1. 10 


0. 98 


0am] 0. 964 
j 
| 


' 
1. 064 


1, 219 
| 


(0. 401)} 0. 447 


F 601 


(1. 029 


| 
(1. 029)| 1. 097 


1.330 | 1 
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TABLE 4.—First spectrum of columbium (Cb 1)—Continued 
, | Lr ee = 
Wave | 
No. Term combi- | Zeeman | Separa- 
vac. nation | type tion 





| 
Strong- |Strong- 
est est 


le ie 





2620. 585 | 38148. 05 | a *Fias—s Dig 
2618.178 | 38183. 12 | a 4#Days—o 4 Fig 

2617. 046 38199. 63 | a *Gux—o 2G | 
2616.476 | 38207.95 | a 4Fay—r ‘Fig j 0. 109 
2614. 444 237. 65 


| 
2612. 377 | 38267.90 | a *Fax—t ‘Gi 
2612.028 | 38273.01 | a °*Fsx4—n°Gix 
2610. 268 | 38298. 82 | a *F2,—t Gir, 
2609.118 | 38315.70 | a ‘Fiu—q *Fixg 
2608. 836 | 38319. @ *Fag—s (Dis 


2604. 225 | 38387. @ *Fiyg—t *Ging | 
2603. 306 38401. 23 | a *Faxs—8 *Gix, | 
2602.011 | 38420. ; 
2601. 832 | 38422. @ *F2x4— 400315 
2601. 597 | 38426. 


2597.138 | 38492 | @*Fax—s8 *Ging } 929 
2594.685 | 38528 

2592.911 | 38555. 

2592. 190 | 38565. @ *Fus—s 'Ghy | a, 267 
2589. 264 38609 | 


2588. 36 38622 a*Fax—r ' Fix 

2583. 219 38699 a *Fyg—r * Ping | 

2583. 103 38701. 56 | a *Gasyg—o *7Ghxg | 
. 194 38730. 18 | a *Dow—w Pix | 
. 734 38767. a *Fyy—s Gig 

3775 | a *Fa—r *Fixs | 

38776. 87 | | 

38799. 35 | a *Faxy—s Dis | 

38856. a *Day—s *F ig? 

$8867.12 | a *Fisg—400i5 | 

38882. a *Fiy—g *F ix 

38887.03 | a *Fauy—s ‘Dix, | 

38913. 55 | a *Gus—0 2QIy | 7b, 6 . 103)} 1. 

38936. 58 | a 4Fiss—s *Gis, | 5 sae fi . 407 | 0 

38940 @ *Paxg—0 *Diss | 

] 

38968 a *Fay—s (Gx, | . 216 | (1.029)) 1 

38978. 7 } 

38985 a *Faig—4l ling | 

390065. 2% a {Pox—o Ping 

39067 a *Fiyg—r ‘Fix, | 5 258 | 634 | 0.364 | 0. 





39068. @ *Fusxs—q *Fiss 
39000.3 | a *Fas—8 2Giyg 
39125. 57 | a ‘Fax—¢ ‘Fig 
39140 
39146. 


39190 a *Day—t *Ghg 
39205 a *P24—0 ‘Dix 
39285 a *Hs—n2Girg 
39296. 
39307 


39313 a *Dayg—s “Fig? 
39327. 7: 
39331. 88 | a ‘Pays—m Fxg 
39366. 57 | a ‘Fay—s ‘Dix 
39871. 78 | a *Dag—t *Gisg 
| 
i 





39388 
39431. 86 


39556. 35 

39592. : fatFiy—q *F ig j 1.296 | (0.402)| 0.760 
~“  1@*Fag—q Fig 
39607.65 | a 4Pin—o ‘Dig 


a *Fus—r *Gig 
| @ *Dasg—t "Gig | 





39640. 34 
39641. 04 | a *Pixg—o Diy, | 
39662. 63 
39686. 07 | a *Hays—n 2Gixg | 
39719. 81 | a ‘Fays—q *Fisg | 
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TaBLe 4.—First spectrum of columbium (Cb 1) —Continued 
Gh | SR Re ed Per g 


Wave | | s le . 
Intensity : Term combi- | Zeeman | Separa- | * trong " trong 
Are X oir | est | est 


nation | type tion 2 








| | 
| a *Pag— phy? | 
@ *Fss—9 * Fs | 
a *Das—r *Fix } 


39874. 17 | a *Fay,—414t1 
39913. 74 | a *Fux—r Diss 
39940. @ ‘Pox—0 *Dix 
30999. 43 | a *Piys—m *Fixg 
40028. 55 | a *Fayg—41635 | 


40071. 27 
40162 @ *Fays—8 *Dixg | 
40320 @ *Dayg—8 *Ghig 
40367.73 | a ‘Fus—p *Fix | 
40397. a *Fiyg—r Dig 


uw @re tow 


40412 a *Fin—q'F iy 
40488 a *Fag—¢ *Dixg 
40505 a *Pa4—r Gig 
40512 
40527 ‘Fus—q (Dig 


wb 


te 


i 7 


40534 ‘Fis—r !Dis 
40544. ‘Pas—n * Ping 
40565 ‘Fay—r Dixy 
40578 ‘Pr—0 Fis 
40590 ‘Fas—p * Fis; | 





So 


BB er 


10 
5 
l 
3 
2 


40609. a *Fus—p ‘Dh | 
40661 | 
40690 @ *Da—w* Pt? 
40706 a *Piy—0 *Ping 
40734. a *Fsy—0 "Fig 








— fa*Dayg—41 ling 

wre. \a*Fay—n 2F hy 
40752 @ *Fag—r Dis 
40847. @ *P24—tu ! Dig 
40868. ! a Fix p *Fhx 
40872. @ *Piys—0 Fig 





-8 8 


te 
Ss 


40886. ¢ @ *Fays—¢ ‘Diss 
40912. 
40954. @ *P4—4693,, 

40064. 60 | a *Fag—r'! Dig 
40975. 97 


worn @ 


40980. 
41006. 
41018. 
41032. 
41055. 


a *Pow—n 'Dixs 
@ *Pox—e * Pig 
@*Fiy—p Fix 
a *Fas—p Dix 
a *Fas—¢ ‘Dix 


Owe 





— 








&S8SE 


41057. 36 | a *Pa,—0'F ty, | 


& 








41066. 
. 680 41077. ! 
. 442 41132. 
848 41159. 
096 41172. 


4 


a *Pin—n'Din 
| 


a] 
= 
= 


a ‘Fas—r ‘Dig 


BBS 


a *Pox—o * Fix 


047 41172. 
714 41178 
2427. 536 
2427. 105 
2426. 957 | 


2426. 637 a *Fix—r Dix 
2425. 741 @ *Piy—n *Fig 
2423. 996 241.66 | a*Fug—p *Fixg 
2422. 900 0.32 | a ‘Faux —p ‘Dig 
2420. 461 | 41301.89 | a 4Fax—o 2F iy | 


& 


on 


| 
| @ *Fag—q Dig 

a *Fix—g¢ ‘Dix 
a ‘Fiy—n 2 Fix 


al 
cr 





cE y. 


33 
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TaBLe 4.—First spectrum of columbium (Cb 1)—Continued 





; 
Wave 
No, Term combi- | Zeeman | Separa- 
vac. nation type tion 
em~! | 


Strong- |Strong- 
est 











2420.144 | 41307. 30 | a *Fay—p ‘Ft 
2419. 976 41310. 16 | a *Pas—n ‘Dig 
2419.804 | 41313.10 | a‘Fax—p ‘Dix 
2418. 792 | 41330.38 | a *Fix—q*Dix 
2418. 490 41335. 55 
2414. 762 41399. 35 | a *Fay—n *Fix 
2414. 206 41408. 89 | a *Fix—r ‘Dix 
2412.645 | 41435.68 | a ‘Fax—p *Fix 
2410. 792 41467. 53 
. 056 41514. 6 a ‘Pi4—n ‘Dix 


. 942 41533. 8 
3. 918 41586 a*Fa—p ‘Fig 
3.107 | 41600.12 | a *Fas—p*Dig 
2. 339 41613. 4: 

one 2¢ fatDay—s * Dixy 

. 873 41621. \a *Pi34—469814 


910 41638 
. 718 41658. ! a *Fix—p Dix 
851 | 41726. 10 | a *Fa—g *Ghis 
"395 | 41751.47 | @4Fiss—p ‘Fix 
058 | 41757.35 | a‘Fiyx—p'Diy 


2390. 454 | 41820. : 
2382. 246 | 41964. ; 
2373.074 | 42126. 56 
2368. 860 | 42201. 
2368.64 | 42205 


2366.715 | 42239 a *P134—475f35 
2365.940 | 42253. ! 

2364. 325 | 42282 a *Das—q *Dixg 

2363.852 | 42290 a *Day—n *Gix 
2363. 716 42293 a *Fax—q?*Gig 
2363.062 | 42305. a *Fyy—u Aix 
2362. 50 42315. 
2360.794 | 42345. a*Diax—p *Fix 
| 23590.679 | 42365. a*Fus—o* Dix 
| 2358.134 | 42393. 





| 2357. 910 42397 a*Din—r Dis 
2354. 470 42459. : a*Gi4—n *Gixg 
2353. 80 42471. 
2353. 510 42476. 7 a*F2y4—0 *Pixg 
2352. 131 42501. 


2352.055 | 42502. 99 | a *Diys—n *F ig 
2351. 677 42509. 
2350.034 | 42539.54 | a4Po4—475ti 
2348.756 | 42562 
2347.171 | 42501. 


2346. 679 | 42600. 
2344. 640 | 42637.39 | @ *Day—g ‘Diy 
2344.517 | 42639. 6: 
152 | 42700 a *Day—p*F iss? 
277 | 42716. 


.149 | 42719. 21 | e*Dax—p ‘Dix 
730 | 42745. 1: 

42751. 5 atFys—0'Dhys 
42763. 16 
42787. 





42838. 
42913. 68 | a*Fix—p Gh 
42938. 03 
42940. 70 | a *Days—¢ ‘Dis 
42061. 24 | a2?Gay—n *Gixg 


43004. 93 
43016. 79 | a*Fas—0'Dixg 
43022. @*Dax—p ‘Dix 
43034. 69 
43062. 54 
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TaBLe 4.—First spectrum of columbium (Cb 1) —Continued 

















































| Wave | . . ’ 
Intensity | pir No. | Term combi- | Zeeman | Separa- trong: otrong- stensit 
Arc aes | vee. nation | type tion est m1 01 aoe 
; em | p n Are 
> cam 
ee ed eS ee 
1 2 | 3 4 5 | 6 7 8 | 9 10 
' i 
| | | —_—_— 
| 2318. 43% | 43119. 33 | 
% 2316. 271 | 43159. 55 | 
4 2314.359 | 43195. 21 | 
7 2311. 676 | 43245. 33 | 
3 2307.759 | 43318.72 | a4Fas—o0'Dixs | ‘ 
4 2305.975 | 43252.24 | a4Fas—o ‘Diy, 
3 2305.29 | 43365. 12 
s 2300. 854 | 43448. 72 - 
6 2300. 295 | 43459. 27 : 
6 2293. 274 | 43592. 32 ; 
| 
nh 2289.840 | 43657. 68 
5 2287. 504 | 43702. 26 : 
4h 2283.377 | 43781. 24 
1 2280.912 | 43828.55 | a ‘Fix—p2Gix 
2 2279.414 | 43857.35 | a 4Fayx—r *Gix 
15 2277. 426 | 43895. 63 
4c 2276. 223 | 43918.83 | a *Fus—r 'Gisg | Of p: 
9c 2274. 770 | 43946. 88 Pp 
‘ 2269. 653 | 44045. 95 buble 
4 2269.535 | 44048. 24 
3 2268. 59 44066. 6 jartel 
; | 
2 2265.489 | 44126.89 | a ‘Fus—n *Fhss | Ch: 
4 2265.217 | 44132.19 | a‘Fax—p 2Gixg D—; 
3 2264.354 | 44149.01 | a *Fuyx—t "Hix as x 
20 | 2260.854 | 44217.35 | a ‘Fus—o ‘Fig ly I 
160 | 2257.886 | 44275.47 | a *Fas—r ‘Gis | 915 5 
6 2256.075 | 44311. 01 
5 2255.791 | 44316. 59 | a *Fasg—r 4G, | 
150 : . 564 44340.70 | a *Fuc—n *Fix | 
8 2253. 802 44355. 69 | a *Fay—n * Ping | 
2 2252.09 | 44389.4 | a4Fyys—0 ‘Fh 
4c 2252. 51 44400. 8 
100¢ 2250. 308 44424. 56 | a *Pay—r *Gixg 
80 2247.9907 | 44470. 22 | a *FPuy—n Ding 
& 2246. 421 | 44501. 42 
90c 2246. 176 44506. 26 
20 2242.958 | 44570. 11 | a *Fiyg—r 'Giss — 
20 | 2242.204 | 44583.31 | a *Fax—o *Fixy ussified 1 
8h | 2241.855 | 44502. 04 =< 
8c | 2038 518 | 44658. 51 | a “Fays—m ‘Dig ahannt 
10 2236. 22 44704. 40 | | nartet-qu 
9 | 2233.172 | 44765. 40 | @ *Fsy4—460hi. — 
way o7 (fa*Fas—n Fs 
80. | 2232. 545 | 44777. 97 (Sire eepit 
~ | 2231.428 | 44800. 39 | a 4Fuy—t 2H 
30 2220.65 | 44836. 11 | a*Fix—n ‘Ding 
4 2228.39 | 44861.46 | a4Fin—o °Pixg 
. 7) man pa 
100¢ 2228.032 | 44868. 69 |/* *Fin—r ‘Giss man — 
- . \a*Fays—o 4F hig 
150¢ | 2227.706 | 44875. 23 | a *Fas—o Fix | 
10 | 2227. 280 | 44883. 82 | a *Fayg—r *Gixg 
15 | 2226. 927 44890. 93 | 
50 2225. 343 | 44922.88 | a ‘Fas—n ‘Fis 
6 2225. 235 | 44925. 06 } The « 
60c 2223. 672 | 44956. 62 | a *Fas—o ‘Fix re des 
70¢ 2220. 184 | 45027. 25 | a *Fiys—o *Fisg 1 
3 2218.357 | 45064. 33 | | stable 
15 2217.872 | 45074. 19 | | | he to 
30¢ 2215.54 | 45121.6 | a ‘Fiy—n‘Dix ™ 
dc 2214.034| 45152. 31 ublet 
50c 2211.46 | 45204.9 ith 1: 
7 2210. 622 | 45222.00 | a*Fi—n ‘Diy ‘ 
6 2210. 442 | 45225. 68 | a‘ Fays—n ‘Ding, | — 
re hig 
verte 


64: 
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TABLE 4,—First spectrum of columbium (Cb 1)—Continued 








| Wave | | 





: - } | Strong- |Strong- | 
, stensity No. Term combi- | Zeeman | Separa- | ~~. _ 
ya ” Are A sir A vac nation type tion est ; est 71 | g: 
em! B46 we 
} 2 3 4 | § a 7 cs @ 
aa SURE UIEES ees Pe Ss See eee os ae 
| 2205.230 | 45332. 56 | a4Fa.—460% 
| 2204.617 | 45345.16 | a4Fa—n ‘Fix, | 
2203.555 | 45367.01 | a4Fix—n *Fhi | 
2201.916 | 45400.78 | a4Fix—o Fix | 
{ | 2200.218 | 45435.81 | a4Fix—o'Fixg | 
| 
2195. 83 45526.6 | a4Fas—o'Fixs | 
2193. 805 | 45568. 61 | 
2193.011 | 45585. 11 | 
1 2188.944 | 45669.80 | a4Fix—n ‘Diy, | 
r 2178. 225 | 45894. 51 | 
| 2178.07 45897. 8 
4 | 2175.555 | 45950.83 | a4F—475i 
2166. 77 46137. 1 
2161. 54 46248. 7 








Of particular interest is the large number of intersystem transitions, 
ublet-quartet combinations being second in abundance only to 
wartet-quartet. As in V1 [7] doublet-sextet combinations appear 
»Cb1, but more abundantly. These latter include the transition 
D—z?G°, a conspicuous five-line multiplet, all lines of which show 
lly resolved Zeeman patterns. The wavelengths are 3867.918, 
115.507, 3803.879, 3771.848, and 3753.171 A. See figures 1 and 2. 


TaBLe 5.-—Distribution of classified Cb1 lines 


| 
! 


| Percent- Percent- 
Item Number | “ef | §eeof 
| nun ber | intensity 
| | Percent Percent 
nes in table 4 | 3, 313 ; 
ussified lines 2, 836 85. 6 | 93. 4 
rel transitions -. - - 3, 035 ‘ 
stet-sextet transitions 137 4.5 
urtet-quartet transitions 1, 276 42.1 
ublet-doublet transitions 405 13.3 
uartet-sextet transitions 253 8.3 
ublet-quartet transitions 814 26. 8 
iblet-sextet transitions _ | 57 1.9 
nasitions involving one unassigned level 92 3.0 
nes classified two ways. .... 191 
oes classified three ways 3 
man patterns measured 911 


man patterns interpreted a 


2. TERMS OF THE Cb1 SPECTRUM 

The established terms of Cb 1, or energy states of neutral coiumbium, 

described in table 6, which is prepared according to the same plan 
stable 2 for Cb. All level values are relative to 4d * 5s a *Dy,=0.00. 
the total number of levels is 364, comprising 103 belonging to 58 
publets, 197 which make up 55 quartets, 56 which are associated 
ith 13 sextets, and 8 unassigned levels. Levels associated with 
most all terms come in regular order, that is, those of highest j-value 
re highest. There are five inverted doublets und five partially 
verted quartets. Fifteen terms are incomplete. Instances of 

644098—45——7 
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good agreement with the interval rule are in the minority. This js ; 
be expected in the spectrum of an atom with a moderately heay 
nucleus with level separations large enough that most terms overlay 
a situation which leads to mutual perturbation and displacement , 
levels of the same j-value associated with sharing of g-valuye 
Attention is called to a few noteworthy instances of such perturbatio; 
Levels a “Pigs and a *Diy, have g-values 1.175 and 0.953 as compare 
with Landé g’s, 1.333 and 0.800, respectively. The sums are almos 
identical, 2.128 and 2.133. Levels a*Poy and a *Doy, have near! 
Landé g-values. The ‘Te vels of j-values 2%, 3%, and 4% belonging t 
a*G and 6‘F perturb one another to such an extent that it is diffiey 
to distinguish between them on the basis of combinations or g-valy: 
although there is no doubt that these levels comprise the terms ; 
question. The levels 6 ‘Fy, and a ‘Gs, being unique values are not s 
affected and again show nearly Landé g’s. A very marked perturb: 
tion occurs in the levels z*Dj,, and y *Do,, the g-values being 2.44 
and 1.141, respectively instead of 3.333 and 0.000 theoretical] 
expected. It may be assumed that these levels originate in the sam 
electron configuration. Hence z*D is assigned to d*‘p instead ; 
d*sp, interchanging the assignment with y*®D°, as given in th 
earlier paper [5]. The term formerly classified z *D° is now designate 
z *F°, with an additional level, 7=4%, found, but with the level ; 
highest 7 missing. The g-values favor the new assignment, and the 
is no other possibility for this sextet, which is expected to sho 
strong combinations. These are almost the only instances of chang 
in earlier assignments. In using the scheme of designating inter 
mediate odd terms in ascending “order by letters beginning with 

the discovery of a large number of new terms has necessitated 

reassignment of such letters for identification. Relative level valu 
as set up in the earlier publication have been retained. Calculatio 
based on additional wavelength data indicate negligible corrections. 


TaBLe 6.—Terms of the Cb1 spectrum 

















Electron > oheiail 
configu- | pn - Level — roe taase Combinations 
ration | | 
28°, 2*P°, y *P°, z *D®, y *D°, z *D*, z*F°, 9! 
2 48°, y 2, 2 ‘pe, y ‘P°, w*P®, 24D, | yD 
COD) | ecDes | Ol ero] «6888 Il sep?e w ‘D4, D%t'D® 7 4°, ‘D®, p «D°, 
a 1K 937 | 1. SAR ‘Fe ‘Fe, ws pe «pe sage ‘ 
‘Dp 391. 99 7. 80 1. 652 vy , = Mw "—@ , & , » P 
oem - 303. 26 24G°, y‘G°, 7 4G, wiG®, 94G®, £4G°, 210 
@°Dag | 695.251 a5 1. 582 || 24H°, 228°, 23P°, y 2P*,"22D°,'y2D°, 21 
*p 1050. 26 355. 01 1. 549 ’ ’ wv , » v ’ 
— . ? s?D°, z 2F°, r2F°, 223G°, y2G°, u2G°, yi 
214°, 276°, 411°. 
248°, y 4S°, 748°, 2 *P®, y 4P°, z *P°, w tP®, z'l 
y*b®, 2D, w ‘D°, »D®, u *D®, t*D°,s *D*,r 
De, p‘D®, o'D®, n n‘D®, z*F°, y y ‘F°, 4 
ope, o{F°, u‘F°, t‘F°, e{F°, r‘F°, ¢'F 
p‘F°, p ‘F°, n‘F°, z4G°, y 4G, 7 4G°, w" 
d3 3? a*Fiss | 1142.79) gag gy 0. 402 > 4G? &u *G°, 40°, 8 44°, 2 'H®, yl, zh’, ff 
a*F ays 1586. 90 567. 21 1. 029 z #8°, z6p?, y *P°, 2 *D°, y *D°, z*D°, z 
a'F as 2154. 11 651. 25 1. 235 y *F?, y 28°, Yo 2pé, “Pe, v ape’ w 2P°, ri 
a'Fux 2805. 36 1. 330 Pip? y*D°, z*D°, w *D°, 22D, wD", tl 
s "De, 2 °F°, y 1F°, w 2F°, 0 2F°, u ape, 9 2F°,r'F 
q?F°, o7F°, n ?F°, 220°, y *G°, 220°, w 
22G°, u2Q*, 22G%, 920%, r1G°, p2G®, z h- 
y *H°, 2H? w 1H°, o*H°, tHe, 231°, 
\ 214°, 276° 400°, 411°, 414°, 416°, 469°, 475°. 
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is t TaBLe 6.—Terms of the Cb1 spectrum—Continued 
AY 
‘lan 


_ 


Electron Term Differ- | Observed 


Combinations 











| q 2Q°, 0 1q°, n 1°, z *H°, y 1H®, z H®, w *H®, 


configu g Level ] 

4 ( mtion symbol | ence 9 
e ss Sa —_—_—__——_——_ - __-—— - |—— —_——— —_— 
01 248°, y 48°, r 4S°, w 48°, 2 4P°, y *P°, z *P°, w iP, 
are | l} z4#D°®, y*D°, r4D®, wtD®, 0 *D®, u*D®, ¢*D®, 
re | i} #4D®°, r4D®, ¢ *D°, p‘D®, 04D, n #D°, m ‘D®, 
nos 24F°, y‘F°, r4F°, wiF®, otF®, wiF®, ¢4F°, 
#2 | atPoxs 4998. 17 299.75 | 2.650 |} r‘F°, q‘F*, p‘F°, o*F*, 1 n‘F°, y4G°, w *G*, 
arl a*Py4 | 5297.92 1.721 { #tG°, uta, s1a%, r«a?, zene, y eH, 24H? 
“ atPa, | 5965.45 | 7-58 1.596 |} 228°, y 28°,’ 22p® yspe’ 72pe’ wtp p spe’ 
gt | | 22D, yD, 2p, w2p®, o2p®, waD®, ¢2D°, 
cul | z7F°, y?F°, wiF°, o2F°, g2F°, r3F°, ¢g 2F°, 
m?F°, 23G°, y2G°, 71Q°, w1G*, «1G°, 411° 
Lue 414°, 416°, 408°) 475°" ; 
$1 | yr 48°, 2 #P°, y P°, r 4P°, w 4P°, 24D®, y (D°, z (D®, 
. w ‘tD? ape ° ° ° ° ° 
ts | w ibe, vibe, Side De, ey nDes 2 
rb #s(D) a‘Dows 8410. 90 294. 42 0. 06 r‘F°, g‘F°, p‘F°, ofF°, n‘F°, 24G°, 9 4G°, 
44 a*Disg 8705. 32 337,82 1. 197 2‘4G°®, w 1G’, 0 4G°, u*G®, z4H®, z*P°, 9 *P°, 
. | a*Do 9043. 14 454. 38 1. 360 z*D®, 9 *De, z *D*, z *F°, y 'F°, z*8°,y ag? " apé, 
all a'Dug | 9497.52 —_ 1.420 || y?P°) 2*P*, wIP®, 231°, y2D°, z3D°, w 2D°, 
p?D°, u*D®, t7D°, 22D°%, y *F°, r1F°, w ape; 
AM, | o3F°, @?F°, g@?F°, 22Q° yq° 0?QG°, u*G° 
? | w 28°, 276°, 414°, 416°, 469°. : : ; 
th y*D°, o?D°, u2*D°, z?*F°, y 2F°, 2 ?*F°, w 2F°, 0 ?F°, 
| |} w3F°,¢2F°, ?F°, r3F°,@?F°, piF°. o2F°, m1F°, 
ite i} 22G°,92G°, 72Q°, w?G°,02G°, u2G°,t2G°,r?G°, 


l 


501. 88 | 
| 











@s | a2Gug | 8827.00 | 0. 885 He. u?H®, t?H°, 221°, y it®, 24P°, 24D*, y*D°, 
he | @9Gus | 9328.88 | 1.103 |} x *D*, w «D®°, » «1°, t ibe, 8 ‘D®, n ‘D°, 2 ¢F°, 
) | ytP?, 24°, w r o'F°, wiF®, t*F°, 94F°, r ¢F°, 
10 | @4F°, p ‘Fo ‘Fo, n ‘F°, 2 iG y 'G°, z ree 
Lor || w4G*,o a%, * «a®, 2 4G, 2 1G", ‘G°, z ‘H°, 
" \\ y«H°,’s «n°, 241°, y SD, 2 dre, 276°, 400°; 411°. 

e | i 
: ; Ife 7 y 98°, z?P°, y 2P°, z 2P°, w IP®, p 2P°, 2 2D®, 
1 2D°, z 7D°, w 7D®°, v *D°, u *D°, t *D°, y 2F°, 
d ZF, de eee, u ire a wf Fe? ra 

5 2 2 " an: i) n m v u ’ z4 y* 
lue ee | oes | pear se | | 708-43) OSS 248°, 48? 2¢P*, y4P®, r*P°, w *P®, y*D®, z*D®, 
| " , -206 |) w «D®, » (1D°, u 4D®, t'*D®, 8 4D®, , p 'D®, 0 ‘D®, 
01 ‘| 24°, wk? o4F° uso, Ro, gt? gsRe 24Qe’ 
2 ' | w'G*,o ‘G°, “Qs, t*G°,s4G°, z4H°, Wage” y*P°, 
- |\ 2eD°, 2D, 276°, 411°, 414°, 469 


| | 298°, 22?P°, y *P°, rz *P°, w *P°, o*P°, z*D°, y *D°, 
z2D°, w 2D°, » 3D°, u *D°, t *D°, s *D°, y 2F°, 
| | | w?F°,o?F°,u?F°,s?F°, p?F°,o2F°,n2*F°, m3F°, 





—_ P33 a *Pox 10126. 06 | , 0. 66 . 
2p 1192. 03 pad z‘48°, z4P°, y‘P°, z*P®, w/P®, y*D°, z*D°, wtD®, 
©*Pi | 11318. 00 1.175 |) yep? cep®, reD®, 248°, y Po, wt, ot FS, uP? 
| |} ¢4F°,rtF°,¢ pa 0 ‘Ga’, 46s, 1«a*’ 248 y *P°, 
| | z*p*, y 8F° 469 
- 
» at on | fe sp°, y *P°, y *F°, 2 48°, y *P°, w *P°, 0 *D°, w *D®, 
hi | Sug | 11344. 70 | | 19} 2G, 21pe, zP°, y 1°, odF°, 
y"h | j | 
2 | (u (D®, £4D®, 8 *D®, 24°, y *F°, r 4F°, w tF°, 9 FS, 
pF a | ‘ a 9 | u‘F°, t‘F°,34F°,r ‘Fo, ¢ ‘F°, p‘F°, 24G°, y *G°, 
ae | Cais | ee me) | 8S I": £4G°' 0 1G2, piGs, utG?'t1G? 9G, 14G°, 14H? 
X a ‘Hose | 11247.88 | 203-80 1.12 ySH°, 24°, 241°, £82, 298, w 38°, 03K, u PF, 
Hl | atHe. | 11524 65 76. 77 1 22 2°F°, 5 2F°, p1F°,'n2F°: w 1G", 02G°, wIG*, t2G°, 
" — ‘ eos r 24°, z*H°, 9 iH°, z *H®, w *H°, © 1H °, 
a z*I°,y ‘n°, 400°, 416°. 
‘I | x *P°, 24D®, y(D°, r#D°, w ‘D°, o«D®, utD®, t «D°, 
* qg‘D®, p‘D®, z4F°, y*F°, r4F°, wtF°, of F°, u ae 
ae t4F°, s4F°, r4F°, at p‘F°,o4F°, n‘F°, 24G° 
" 2G) | a4Gag | 12018. 25 118.61 0. 742 y *G®, z *G°, w #G°, fe. u ‘G°,t ‘G°,s ‘Ge, , 
Mf a*Gug | 1213686) Se Cl) 1.081 6G°,'2H 4H, 2 f° 241°, y*D*, 28D, y Fe, 
be a ‘Gu 12357. 70 654 5) 1. 23 z*P°, w *P°, z 7D*, i tbe, w 4D°, 2 '*D°*, 
pe @‘Gsg | 13012. 20 ; 1. 26 u’D°, z?*F°, y*F°, tee. oiFe, u?F°, s*F°,r?F°, 
‘ q *F°, p *F°, o *F°, z 210°, y 3G°, w *G°, » *G°, 
pe 4 1G?, 4 2q°’ r 2Q°, q 2q°’ ; 7H°, z *H°, w *H°, 
tH o*H?°, 12H°, y *I°, 214°, 400°, 411°, 414°, 416°, 475°. 
y I | | z2F°, w2F°, 93F°, u3F°, p 1F°, ¥2G°, w2G°, 9 2G°, 
| u*#G°,t?G°,s2G°, igh 1G°, p 2q¢, 07G°,n*G°, 
& 3 @*Has | 12102. 12 400. 85 0. 93 2H° y 1H?, zH®, w' 6 one, u 1H, z 11°, 
| @*Hyg | 12502. 97 ; 1.10 y*I°, w‘D®, 2'D®, y ‘F° z Fe, wtF°,o{F°, uF’, 
bop, 2 (F*, ¢ 4F°, p +B, y iG°, w 4G,» *G°, 
| ! ‘Q®, “a8, fae DH?’ 2 ‘He, 241°, 4i1°. 
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TaBLEe 6.— Terms of the Cb1 spectrum—Continued 





j | | 


| f | | 
| Differ- | Observed 
Level | ence 9 


Electron 
configu- | 
ration | 


Term 
symbol 


| 


Combinations 





| 

| z‘Pp°, 
| u‘D°, 
n‘*D°*, 
t‘F°, 


t*b°*, 
z‘F°, 
3 ‘F°, 
y 'G®, 2*G*, 
2‘4H°, y ‘H®, 
y*P°, z?P°, 
s?D°, 2°F°, 


z4{Pp°, w 'P°, 


y‘D°, 
s4D°, r‘*D®, 
y ‘F°, z‘F°, 
r {F°, 
w *G°, 
z ‘H®, 
z*pD°, y*D°, 
y ?F°, w 2F°, 

7°, niF°, 


yepe. 


z‘D*, 


q@‘D®, 
w ‘Fe, 
, pF? 


. 2p2, 
v 17°’ 
mF, 


p (D) 


i} eG, 
tHe” 10 2H? eo H°, 
' 411°, 414°, 416°, 75°. 


oe p*@°, 23H°" 
25°, (me, j 


ésp CF) 


a[°, 276° , 400° 





‘Tr 2P°, 
#?*D°, 
t?F°, 
z*q° 
s*Q°, 
zp’, 
s‘*pD°, 
u‘F°, 
‘a, 


276° 


y?D°, 
2°F°, 
s?F°, 
ya, 
r*QG°, 


z*D°, w*D°, o2D°, u*D*, 
y3F°, 22F°, w tRé, o3F°, + tPF? 
r*F°, q@?F°, p'F°, n?F° 
z*q°, «3a, 2° ?Q°, u2q>, 
02G°, n*QG°, w 1H? °7H°, 

y‘*D*, z*D°, w ‘DS, e*D®, utD®, 
r‘D°, p*D*, 0*D®, zr ‘Fe; w ‘FP 
t‘F°, p‘F°, @‘F°, w'G®, 04G° 

2'G°, r4G°, z‘H®, 241°, x *D* 

, 400°, 411°, 416°. 





bap CF 


z*p* 





‘S°, y 48°, 
w ‘*D°*, » *D®, 
n‘D°, z‘F°, 
q‘F°, p‘F°, 
28°, y §D°, 
wp’, o3P°, 
416°, 469°. 


w 48°, y *P°, z*P°, w *P°, y *D®, ripe 
u‘D®, s*D®°, r4*D°, ¢*D®, ofD 
wtF°, o(F°, wiP®, ¢4F°, ip 
ofF°, n*F°, 84G®, r4*G®, 2H 
z*D°, y%S°, z2°P°, y*P°, rp 
w?D°, e*D°, z23F°, 276°, 400° 


5 ‘Poss 
4 ‘Pi 
b {Pixs 


248°, w 48°, y *P°,z {P°, w 
u ‘D°, 3 ‘D®°, r‘pD*, 
z‘F°, w'F°*, ytF?, 
q‘F°, piF°, ofF°, 
s‘*G°, r*G°, 24H, y*D*, 
z?P°, w*P°’, o2P°, 23D°*, 
q@?F°, p2F°, m?F°, 22Q°, 
411°, 414°, 416°, 460°, 475°. 


1F°, r2*F°, g°F°, p°F°, 
z7G°, w7G°, 0 9G°, w*G*, t2G°, #2G°, r°G°, 
p 7G°, 09G°, 27H°, y *H°, z*H°, w*H°, o'H’, 
u *H°, ¢ *H°, 221°, g 21°, ‘D°, y (F°, 2 ‘P°,¢‘F°, 
r‘F°, g*F°, w 4G, 2 ide, u ‘G®, t*G°, #4G 
y ‘H®, x 4H®, 411°. 


7D°, ¢°D°, 0 2F°, s *F°,r *F°,¢ 
z7G°, 9 27G°, u4G°, t2G°, 
07G°, 27H°, y *H°, z*H°, 
, #*D®, g*D®, p*D*, 
, t*F°, r*F°, g ‘F°, 
0 'G®, utG®, s4G*, r ‘GQ’, 
z *D®, 411°, 416°. 


j 

if 7G°, w*G*, 
2 1H°, y *H°, 
u ‘F°, sF?, z*G°, t*G°,r 


w ‘pe, 
q@‘D®, 
“e ‘F°, 
y ‘G°, 


y‘D°,z‘*D* 
p‘D®, n‘*D° 
t¢F°, oF 
w *G*, 0 4G° 
y 78°, 22P°, y *P* 

y*D°, ©?D°, 2 1Re” 
t?G°, #'G°, r2G°, 


,e*D 
» oF 
“. r (f° 


1*G 


is @D) 5 ‘Dos 
b *Diss 
b *Dass 
6 ‘Das 





m?F°, 22Q°, 7*G*, 





dt ¢ @H) b *Has 


b *Hsxs 





2F°, p 2F°, 


m 'F°, 
, r 27G°, p*G 


‘HY, y‘H®, y 


t2G°, 2 7G°, r2G°, 09G°, 20°, 
2 H°, w *H®, e7H®, 271°, o'F*, 


a 1°, 


@ep OF) | 2*Gtys 
2 *Gixg 
2 *Giys 
2 *Gix 
z *Ghis 
2 *Gis 


@ sp (*F) 


a‘*D, e*D, ¢*F, a‘*P, a‘D, a‘F, a 2G. 


a‘'D,¢*F,a‘P,a‘D, a‘F. 
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TaBLe 6.—Terms of the Cb1 spectrum—Continued 


Term — Differ- | Observed| 
symbol Level | ence | | 
mpGheas Donrtala i = i | a - = ees 
z4{Diyg | 20107. 36 | 
Die 20837. 98 54. 36 "39 |(@*P, @*D, a4F, a4G, aD, a2. 


z4Dixg | 21512. 18 


z*Piss | 22006.74 
z*Pisg | 23006. 86 | ~~ é | 
24*Phy | 23684. 44 | as . 

| | 


z*Ging | 22647. 
z*Giyg | 29022. 56 
24*Gix | 23536. 
z*Gixg | 24208 


Combinations 


f ‘P,a ‘4D, a‘F, a*D, @*P, a?*D. 





| a‘D,a ‘F, 0 4F, a 4G, a 4H, a *D, 220. 


2*Fh | 23674 
z*Fisg | 24016. 
z*Fixg | 24508. 


a‘D, a‘F, b‘4F, a24G, a4H, a*D, a?P, a 2D, 
iG. 


z4Fty | 29243. ” | 0.41 ‘i 


2%Siig | 23910 1 *P, a°D, a*P, a‘*D, a *D. 


y "Fix | 23984 
‘ 24164.7 
243K 
24769. 91 
25199. 81 
| 25680. 36 


24283 aii | 
24543. > mentee , a*S, a*D, e*D, a‘P, a‘D, a'F. 
24904. 


a*S, a*D, e*D, a‘D, a*F, b*F, a@4G, a*P, a *D. 


y "Diss | 25879. 8 ‘ 
ype eros oc | 319.3 om la *D, e*D, a*P, b4P, aD, O*D, a *F, b4F, a? F 
y*Dhs | 20838.. 6°U, O52, OE. 

y "Dig | £7419 


y ‘Fi | 25980. | 
y ‘Fixg | 26060 + ila ‘P, a*D, 64D, a ‘F, b4F, a 4G, a *D, a*P, a2G, 
varie sae 9] ona 245 |{ aH, 6 7H. 
| ‘4 4 - 


| £*Dixg | 20552 
| r*Di | 26713. 160. 9: : 
| z*Dig | 26983. ; .618 |\a *D, a *P, b4P, a *D, a*F, 6 4F, a 4G, a 2D, 62G. 
z*Dix | 27487. o. 13 
Z*Dixg | 27974. 
; 
| 


y ‘Diss | 26717. 7: nes | 
y ‘Diss | 26996. 86 ae oe a‘P, b*P, a‘D, 64D, a4F, b4F, a@4G, a*D, a'P, 
y ‘Dix | 27359 ~ 3 aD, a?F, a*G, 

y ‘Dix | 27696.7 - 


CH) | z2°Gix 26896. 6 — : ha tF, @ 2G, 6°G, 67H, a*P, 44D, a‘F, b‘4F, a*G, 
2*Gixg | 27331. 80 | - | . 07 i a‘D. 
Pep (c*P) ores “— 4 
| y ai" 7 8? gk 
y Phys | 28445. 33 





a4P, b4P, 24D, a‘F, aS, a *D, a@*P, a *D. 


| 


Pip(c*P)| z*Dix | 27666. en . 

Z‘Disg | 28079, 0% ~~ 443 
r*Dig | 28549 > s . 472 
Z‘*Dixg | 20208. . 241 | 


2 Fh 27797 es -16 |\e*F, a°G, a*H, a ‘P, b'P, a 4D, b 4D, a ‘FP, b‘F, 
z *Fixg 28535. 36 — .12 / a‘*G,a*D. 


a‘P,b4P,a‘4D, b4D, a*F, 04F, a4G, a*D,a*P,a*D, 
a*Q. 


5 | 
276i, | #7614 .370 | b¢P, a*D, 0 *D, a*F, aD, a*D, a *F, a 20. 
| 
| 
| 


y*Ging | 27855. a . 92 he °F, 22G, 6°G, a?H, 67H, 183, a*P,a‘D, a*F, a 4G, 
y*Gixg | 28493.74| ° 12 \f a4D. 
' 


| apne | Sbteas | —O2Be - Jer. aD, a‘P,b«P, aD, b«D, a ‘F, a “8, a "D. 


*pCP) | 24St | 28908. 48 794 | a*P, b«P, b 4D, a 4F, aS, aD, oD, 
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TABLE 6.—Terms of the Cb1 spectrum—Continued 





Electron Term Level Differ- | Observed 


configu- | 
sy . 
ration ymbol | ence 


Combinations 


@ ep OP) | y "Pty | 28078. 25 | 
y *Phs 28652. 66 
y "Phy | 28973. 12 


@ sp (GQ) 29271. 9% . 

29519. 0: j a a‘P, b‘'P, a4D, b 4D, a *F, 6 *F, a 4G, a 4H, 
298 46. ; | @*G, ba. 

z*Hixs | 30191. » eS 1 


*p @H) vy ‘Gi 293.59. ! ~~ . 
v 'Gixs 29762. ” ae . ay a “DO SD. 6H, O°F, 6G, oH, oD, au 
y‘'Gix | 30117.: 54. ¢ , 7G, a*H. 

y ‘Gis 30657. 6 . 


@sp CF) | y%Dtx | 29092. 7: a?P, a*D, a°F, a°G, a *P, a *D, 6 *D, a ‘Fb 4 

2977 ’ i }, a 88. 

ap CF) | t 29779. 
> 29987 a‘P, b‘4P, a‘4D, 64D, a ‘FP, b4F, a 4G, a ‘Ha 


30181. 5 4. ' a *F, a °G, 0 2G, a 4H, b Ht. 
30879. 


@ sp (*P) 30059. @*D,a‘*P,b‘P,a‘F,a*P, a*D. 


& p ('D) ty phd . ‘ }a*P, a *D, a*F, 9G, a'P, a 4D, a4F, a 4G. 





@ sp (6F)| z'Ghy | 31056. 1 
zr ‘Gi $1485. . a a‘D, a‘F, 5‘F, a 4G, a*H, a *S, a@*D, a?D, a! 
z4Gi | $9004.63) foo o 16 b 2G, 183, 
r'Gisg | $8572.72 , 


@sp(c*P)| y ‘Si 31174. 65 . @‘P,b4P, a‘F, a*D, a*D. 


@sp('G)| zr Fix 


=o 2 2 2 
2°Fh, | 3168763 Jo *D, a*F,.0*G, aD. 


| 
@ sp ('G) | r*Gix $1800.74 
z*Ging | 32213. 94 


it p (1G) | he $1933.68 7 he a*D, a°F, a9G, @?H, b*H, a *P, a‘D, o 
w Fig | $8087.58 an 1074 |f 64F, a 4G, a 4H. 


a °F, @°G, 6H, a ‘P, 64D, a *F, a 4H. 





@ sp SF) | wtFty | 31551. 46 | . 501 
| w tFixg $2013. 40 ‘ 4 .01 a‘Pp,5‘P,a4D, 64D, a‘F, b‘4F, a@4G, a‘H,a 
w'Fixg | 32333. 18 RON .199 |{ @?P,@?D, a?F, @°G, a 7H. 
| wtFix | 32983. 87 mth 24 | 


dp @D) | o4Fty | $1707.94 . 80 | ; 
v ‘Fig $1807. 55 > ’ lia ‘*P, 6) 'P,a4*D, b4D, a ‘PF, 6 ‘4F, a 4G, a ‘H, a4 
o'Fi | 31973. 24 | 1 . 343 a*P,a'D, a?F, a 2G, 6 2G, a 7H, 183. 
o*Fisg | $2605.39 | 5 


dp (0G) | wtFts | $1907.75 | “py oa , 
utPhs | $2739.78 | : 035 ||a *P, b «P, a *D, b¢D, a *F, 6 «F, a 4G, a ‘A, a4 
u ‘Fx $2451. 99 —~¥ .115 |{ @?2D, a?F, a 2G, 6 2G, a 7H, 183. 
u ‘Fig | $3136.30 . - 240 


dp GP) | w!Diy | $2066.08) y05 9a | . 046 
w Dig | 2248.69 ae an | _ 184 |fa *P, b4P, a *D, b *D, a *F, 6 *F, a 4G, 
w ‘Dig | 38545. 52 = 820 |) @2D, a? F, aC, aH. 
w ‘Dig | 33003. 89 341 | 


d*p @H) | 2*Ihg | 88156.00 7 mt 
z‘Ihg | S8882. 24 ' 993 | 
z‘Ihs | $8672.39 08 
2‘Iiy | $8116.36 ‘19 


da‘ Pp (F) w ‘Gh " i 














a‘F,a‘G, a‘H, a’F, @°G, a*H. 





w ‘Gig | $2501.83 .06 
w Gi | $2808.44) Soe" 1. 21 
w ‘Gh, | 3428.20) “> 2 


@ sp (P) z'Dt s0683. 08 | 1.00 
r *Dix boa 


ad p @G) o *Fixg $2654. 48 | 0. 830 | 
o'Fixs | 32899.08 | : 1.17 


a?F,a%G, 6°G, a°H. 





a'*P, a*D, a°F,a‘P,a‘D, a‘F, a*G, a*Db. 





b«F, a ‘G, a‘H, as. 


ép 


a‘P, a‘D, 64D, a‘F, b‘F, a 4G, a 4H, a *D, aD 


a*P, a"D, a°F, @°G, 6°G, a2H, a‘P, aD, a‘F 


Psp (b3&p 


1G) 


iF) 


ip GF) 


Pep GG 


'p (GQ) 


‘=p AG 


Ip 


Pp (ctl 
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TaBLe 6.—Terms of the Cb1 spectrum—Continued 


| 
™ | iffer Observ q ; F 
a." | Level , = = rved) Combinations 


$3011. 45 ditt aes 
o'Di | $8717.01 | {92 a‘P, b‘P, a*D, b4D, a‘F, b‘F, a 4G, a*D, a2D, 
o'Dig | $8872.18 |  D00° 7 .350 |{f @?F,a 9G, a?H. 
o'Dis | $4168.94 . 390 


> 4 —-? | 302.89 | . }a*P, a*D,a*F,a‘P,b‘P,a‘D, a ‘Fa 4G. 
bg | $3389. 87 | 212 | 
yap he | 34858. 08 | 42 lq 2p, a 2D, a'P, b«P, a 4D, b«D, a 4F, b AF. 
se a? 319. 13 , |\a 2G, b°G, a *H, 6 *H, 183, a *F, a *H. 
Zz *léts 4323. 2 5 
) | w2Gtrs | $4319.09 | .87 |\a?F, 2°G, a*H, 67H, 183, a‘P, a‘F, b‘F, a‘G, 
w *Gis, 35. O4 he 10 |f a‘H,a"D. 


z*Hixg | 84416. 5 on . $19 2G, b2 7h? whith aM at 
2 "Hig 38. Ol a*G G, a?7H, 6 7H, 183, a ‘F,b‘4F, a 4G, a*H. 
zr 'Phis (644 nin onet 05 
z Ph 7. 68 oan . 587 


‘Phi 34708. - . 55 


} 

if 

te Fig b«P, a‘D, 64D, a4F, b4F, a 4G, a2P, a-D, 
0 'Giy 34654. 7§ = . ‘ 

a‘'P, a4D, 64D, a ‘F, 6 ‘F, a 4G, a4H, a’*P, a*D, 


0 'Gi | 34853. ! we "000 
a?*F, a2G, 6 °G, a 2H, 6 ?H. 


'Gig | 35156. 5 — . 078 | 


v *Gis 35630. 62 a 100 | 


e*Din |: 70 a . 948 wy, Y ae a*F, a2G, a‘P, b‘P, a‘D, 64D, a‘F, 


v*Dix | 35497. 48 
Y *Six 34807. 57 2.080 | a*D, a*P, 6‘P, a4D, 64D, a‘F, 6 'F. 


u *Fing ‘ " 5 | -_ 868 |\a*P, a*D, a?F, a2G, 22H, a ‘P, a‘*D, b'D, a‘F, 
| wu *Fixg : = 117 |f b4F, @4G, a‘H. 


IZ ‘Six : . 6 806 | a *P, a 4D, a *F, a *D. 


v *Hix 5496. 39 nd Ss q \2 2G, b°G, a?H, 67H, 183, ¢‘F, b‘F, a 4G, a 4H, 
v*Hix | 35344. 86 on a*p. 

u*Dix | 35829. 46 . 834 |\a?*P, a*D, a *F, a2G, 6°G, a‘P, a*D, a‘F, 6 ‘F, 
u*Ding | 35028. 35 ’ j a'G. 

u‘Dis | $5990.45 
u‘Dix, | 36016. 26 ao @ ‘ ayP, b4P, a‘D, 64D, a‘F, b‘4F, a ‘4G, a 4H, a8, 
u‘Diss | 36180. 13 7) 4s a*P, a*D, a ?F. 

u'Dix | 36334. 21 % 


D°Gi | 36048. 10 .925 || a*D, a °F, 2 9G, aH, 62H, a ‘P, 6 *P, a *D, b *D, 
2°Gi | $6333.70 - 086 |f a*F, b4F, a 4G, a 4H. 


Hs dine \e 1G, 62G, a 2H, 67H, 183, a ‘F, 6 *F, a 4G, a 4H. 
ZH | 96876. 77 


| w Sing $6371. 06 i a‘P, b4P,b4D, a*D. 





y ‘His | $6460.34 . 
‘Hig | S6717.11 | oa: gg 970 |laep, a ¢F, 6 4F, a 4G, a 4H, 2G, 6°G, a 2H, 6H. 





y ‘Hix | 36976.10 : ‘ 
vy ‘Hix | 37254. 41 — | 2 | 


t *Fixg sineie 
t?Fi | 36511. 49 


2°Fig | 36866. 60 
8°Fixs | 36979. 90 


t*Ftx | 87111. 67 174. 95 a8 
t*Fig | 37286. 62 253, Of 
t4*Fixg | 37689. 67 291 

t*Fisg | $7831.58 | - 


u ‘Gig | 37188. 28 155. 22 . 
u‘Gix | 37343. 50 180. 03 ‘\a'P, a‘D, a‘F, b‘F, a24G, a‘H, a*P, a*D, a?F, 
u'Gig | $7583.63 | o27 o> a 'G, 6 2G, a *H, 6 2H, 183. 

u‘Gh | $7760.60 ' ao 


a?tF, a?G. 


112. 





.14 a‘G, a ‘H. 


lla ‘P, a‘D, 64D, a‘F, b‘F, a*G, a ‘H, a*P, a?D, 
a*F,a*QG, 62G, a *H, 6 ?H. 








. 846 yor, a'?D, a*F, a9G, 6°G, a‘P, a‘D, a‘F, 0'F, 


12 | 














578 Journal of Research of the National Bureau of Standards 


TABLE 6.—Terms of the Cb1 spectrum—Continued 





























Electron | Electror 
configu- | A ." Level — serie) Combinations r nfigu 
ration . = 
ds (SD) | e*Dog | 37410.17 bsp CD 
e*Dius | 37578.72| 308 88 
€*Day | 37842. 36 2 *P°, y §D°, 2 °F°, y $F°. 
€*Dus | 3817.65 | 335-30 : 
€*Dayg | 38567. 85 :' 
ap CD) | Dis | $7596.56) gig gs 0. 10 
t*Dixg | 37954. 99 438. 50 1.051 a‘P, a‘D, a ‘F, 6 ‘F, a 4G, a 4H, @ *D, a 2P, gp 
t Dig | $8399.49 | S50 65 1.371 |f @?F,a?G. 
t'Dig | $8854.14 1. 305 
ap (°G) | 24g | $7624.53] a4) ne 0. 706 
z eh rots 7 7 0. 992 la “ae ‘F, 6 ‘F, a 4G, a 4H, aD, a °F, 2 °G, aH 
z “% § ‘ ao a 1. 089 *H. 
z‘Hi, | $8513.85 | 370.09 1.21 
@pCr) | r3Fi | $7814.64 417.21 0.876 |\a *D, a °F, a 2G, 6 °G, b °H, a *P, a ‘FP, b AP, a ip CG 
r?Fig | $8231.85 Ah 1.111 |f @‘4H,a*D. 
@sp PD) | t*Disg | $7865.42) 314 oo 0.90 |\a*P, a*D, a?F, b2G, a‘P, a‘D, a *F, 6 ‘F, a ip Ck 
t*Dixg | 38180. 38 be 1.077 |j 
ss e *Fous 37871.’ 0 P : 
e*Fig | 3802141 | 150-11 ads 
€ *Faxg 38276. 590 a” 2 - ° 50 
€ °F, | 38638.47| 361-88 whe tdmita th os” satin 
e Fos ostee. 73 308. 15 psp (b? 
eeFes | 30408. ST | T 
@pCD) | r*Pi | 38182. 96 263. 82 0. 564 |\a *P, a 2D, a *F, a *P, 6 4P, a *D, 0 AD, a *F, OP 
Z°*Piy | $8446.78 : 1. 29 a‘G. 
4 TH) ? ov 
pH) | ils | $8251.98) 35) 75) 9-97 Nang, a tH, 6H, a 'F, b«F, a 4G, a HH. 
v *liss 38583. 04 1.09 |/ 
@® sp (1G) | w tHe | $8448.77 | 59 og | 0.986 | *F, @ 2G, b 2G, a "H, b 7H, 183, 04D, oF, berm PS 
w Hi | $9080.81; °'* 1. 084 l a‘G, a ‘H. 
d'p CD) | w4Pix | $8730.16 | 20. 50 2.55 | 
w ‘Piss | 38709. 66 53 68 1. 660 |}a*P, b4P, aD, b‘D, a‘F, b‘F, a 88, a*D, a?P, a pO 
w'Phs | $8763.34 aaah 1. 588 _— 
@ sp CG) | s*Fhy | $8908.00) a4 4 | 0.448 | 
. 345. 30 | 
serie | soosois| 32-83) Tone oD, 09, 09,047,010, 008, 27, 0%0,em 8 hy, 
‘Fig | 4000852) 358-39 | 1. 108 | “-' 
@ sp CH) | u2Gtg | $8989.20) go... | 1.010 |\a 2D, a *F, a 2G, b 9G, a 2H, b 7H, a *P, a *D, 0 FR angy (a: 
u*Ghy | $9880.77 -) 6-14.10 |f b4F, a 2G, a 4H, aD. : 
Psp (d*F)| t2Gtig | $9496.85) oi oo | 0.91 |\a °F, a 2G, 6°G, a *H, b *H, 183, a *D, 6 ‘D, a? 
| t°Gisg | 39697. 8 om es) = «1.04 If @'G, a ‘BH. 
@sp GG) | t'Ghs | $9590. 46 sins | ot @sp (d 
| t4*Gi | $9885.66 536, = | 1.085 |16 ‘4D, a ‘F, 6 *F, a 4G, a 4H, a *D, a *P, a *D, @*F, 
ocak 40421. 93 “60. 03 | 1, 228 a°G, aH, 6 *H, 183. 
| 55 40481. 96 1. 18 
@ p(T) | otFts | $9845.51) rom go | \a *F, a 2G, 6 9G, a 7H, 6 2H, 183, a *F, b ‘F, a G @sp 
| o%Hiy | 40003. 00 chan 1.152 |f a@‘H. 
@ ep CD) | r4Phy | $9981.20 | oma. s2| 0-45 
| r*Fing | 40809.72| T2593 0.886 |la ‘P, 6 *P, a 4D, 6 *D, a *F, 6 *F, a 4G, a ‘H, a 
r ‘Fig | 40362.00) sor a9 1.129 |f @'P,a3F, a 2G, 69G, b 7H. 
| r*Fixg | 40853. 89 _ 1. 250 
400335 40009. 84 | | bP, a ‘F, O4F, a ‘G, a 4H, @*F, a 9G. Bap ( 
& sp ( 
@ sp (F) | @*Fig | 40735. 18 265.47 0.91 |\@ 4D, a °F, a 2G, b 2G, b *H, 183, a *P, bP, a ‘D 
| @*F ig | 40469.7 = 1.17 |f 64D, a4F, 0‘F, a 4G, a 4H. pte 
ip(ctF)| s'Dixs ; 
Ds — lasr, b4P, aD, 0D, a 4F, DAF, a 40, oH, 0 dp (ec 
| s*Dig | 40473. — 1. 29 a?F, a 9G, 6 2G. 
| "Dig | 4ooss.s¢| *% 4) = 1 367 
@ sp PH) | 84Gty | 4070.30) gos og) 0.920 stat 
| 8*Ging | 40555.28 |  ge5° on 1.089 ||a ‘P, b *P, a ‘D, b ‘D, a ‘F, b ‘F, a 4G, a 4H, @ 4 
| a4Gig | 40981.15| 420 95 1.243 { a@?D,fa?F, a 2G, 0 2G, a 2H, 62H. 
2*Gig | 41871.17; ~™ 1, 25 
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TABLE 6.— Terms of the Cb1 spectrum—Continued 


Electron | Term | Differ- | Observed) 





nfigu- | symbol Level | ones g Combinations 
2 BPE as : | eae ee ea Sea Z i 
ee! Se 
ied Pb | 41088" 24 1.38 je ee See 
| 
4llhs 411389. 95 | 0.88 | a‘P, b 4D, a‘F, a‘G, a*D, a °F, a 2G, b 2G, a 2H, 
| 62H, a@*D, 
414i 41460. 97 | 1,42 | a‘P,b‘4P, a‘D, 64D, a‘F, b4F, @ 4G, a*D, a *P. 
:D 416% | 41616. 40 | | a ae ‘P, a ‘D, 6 ‘D, a *F, b ‘F, a 4G, a 4H, a *F, 
a. 
| atts | 41554 86) 914g] 9-556) . 
a | @4Fh | 41746. 34 184 53 | 1.25 |la*P, b4P, a4D, 64D, a*P, at a‘G, a‘H, a?P, 
Bi! @ ‘Fis | 41930.87 | "ee on 1. 186 a’D, a?F, a 2G, b2G, a*H, b 
q*Fi | 41873. 91 | ome. 
ip GG) 8 *Gis 41571. 61 | . a la? 5 . : 2 P 
7 | a2Gisg | 41895.67 | 324. 06 u" D, a°F, 6°G, a°H, 62H, 183, 6 ‘4D, a ‘F, a 4H. 


sp CF) | p*Fhg | 4189.11}  y50 94 0. 86 \e2P, @'D, 2*F, @9G, 9G, aH, b*H, b«D, b+, 


H , | p*Fiy | 41987. 35 | 1.135 |f a‘G, a‘H. 
ip GF) r 2G | \a*F, a °G, 6°G, a°H, 67H, 183, 64D, a‘F, b‘F, 


ae 
| r2Ging | 49193.70 | 115 |f @4G,a4H 
' 


Psp (0 'P) r *Dixs 41676. 81 662. 75 


r ‘Dix 42339. 56 on4 ‘ ‘Pp ‘ ‘ ?P. a? 
DOs | seest.ce| SE] ep Oho. OD, 60,0, oD. 
P réDix | 42719. 18 a 1.39 


8 *Dix 


— a*P, a*D, a°F, 62H, b4P, a4D, 04D, a‘F, b‘F, 
8’*Dix 42316. 90 ‘D. 


a 


~ 


. 21 


a € sp (GP) | @ {Dis 42324 $1 
; | @*Dig | 42473. 21 
q ‘Dig | 42642. 90 
q@ ‘Dix, | 43332. 66 


148. 90 
169. 69 
689. 76 


ay * ol 64D, a‘F, b‘F, a4G, a*D, a*P, 62°C, 


- 


j 
p ‘Di | 42900.07 | 28 20 erat b«P, b«D, a4F, b«F, @4G, a *D,/a*D, aR, 











p@D) | p*Disg | 42801. 67 
| p*Disg | 43187. 00 | ae as 
P Dis | 43414.44) “* 
A 
Pep (OD) | 0 3Pixg | 44888. 84 a*P, a*D, 9G, a‘F, a 4G. 
| 0°Fix a 0 
3: | 
®sp (d*F)| ptFtys | 4289424 | 09 36 
| p*Fixg | 43088.60 | 128.36 aP, b«P, @4D, 04D, a4F, b«F, a4G, at, a*D, 
DF 43173. 00 222 80 1. 22 a*G,a? 
| p *Fix 43395. 80 _ 1.28 
@sp (d4°F)| n *Fix 43342. 88 on 2 : 2 2 ‘ ‘PF htP 01G at 
: n Fh 43563. 17 | 212. 29 \a 2D, a*F, a@2G, 6°G, 04D, a*F, b4F, a 4G, a*D. 
a | 
@°Giss | 45880. £2 | la 2G, aH, a ‘F, a 4G. 
g *Gix oom j 
®sp GD) | 2 Pig | 40004.29 | _ ro40 g le *P. oD. a *P, b«P.b 4D, a! 
» *P ig 44063. 49 | 1940, 80 L27 je P, a*D, a‘P, b4P, 64D, a*F. 
Dig |... | 
o*Dig | 44950.08 | _ 33. 54 a‘P, bP, a *F, b4F, a 2D, a °F, ¢ 9G, 6G, 6°H 
0 *Dixs 44905. 54 265. 36 
0 ‘Dix 46170.909; <“™ | 
@sp CG) | w2Hixg | 45110. 13 ' a con: aett nt ‘ mot 
tu Hibs | $5260. 03 | 148.90} 4 a9 0 F, a°G, 6°G, a *H, 6 °H, 183, a ‘F, a 4G. 
| m *Fix apie 


#p(c3F)| p2Gts | 45719.07 | one go | 


0.84 |) . 
PaGin | 45088. 56 }o2G, a 2H, b*H, b«P, a 4B, b «PF. 


| | j 
dp (¢ 3F) | m *Fixg 45297. 30 | 0. 94 aD, a 48, a 2G, 2G, b4H, a4, b«P, b«D, b «PF, 
| 


| 





@spC@F)| n ‘Dis 45978. 84 385. 95 } 
| n 4Dig 46364. 79 ae oep As ‘ ‘ ‘ iP 92 
| m*Disg | 46812. 58 =r lh P, 6‘P, a‘D, 64D, a‘F, 6 ‘F, a 2G. 
| n*Dixg | 47275. 64 ' | | 
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TaBLE 6.—Terms of the Cb 1 spectrum—Continued 





Electron , 
| Term | Differ- Observed : 
configu- ~ | Level : Combinations 
soak symbol | ence g as 
@s.p GF)| r*Ghs | $0011.48 | 459 99 
| © *Gisg | 46470. 71 253. 49 | a‘P, b4P, 64D, a*F, a 4G, a 4H, @*F, 2G, 5x 
r *Ging 46724. 20 | 356. 63 | 183. F 
r*Gig | 47080. 83 : 


@s.p@F)| ofFiy | 46170.04 373. 5: 


o'Fh | 46543. 56 3. 
o*Fig | 4708273 | 479 22 


‘P,6‘4P,a4D, 64D, a *F, O4F, a 4G, a 2G, 





0 *Fisg 47680. 59 


| n*Fin wine 

| n*Fixg 46509. 80 on 
n ‘Fig | 46982.03 | $22 2 

| n ‘Fig | 47146. 06 
4095, | 46919. 48 | a‘P, O4P, @*D, b«D, a *F, a ®P, a 2D. 


@ sp CH) | t*Hts | 4695440) oop go 


‘P,P, a*D, a ‘F, @ 4G, a 2G. 


‘Ja °F, @°G,5°G, a°H, 6 °H, a ‘PF, a 4G. 


| 
t*His | 47155. 22 7 1.00 
0*Gix | 47588. 49 | 0.92 jl op 
O2Gi | 48248. 44 713. 95 | 1.10 * F, a °G, 6 9G, a°H, 6 7H, 183. 


| mn 2Ghs Res 
n*Gix | 51788. 30 








| 
| 
4751 | 47587.67 | | a‘P, b4D, a ‘F, 6 ‘F, a 4G. 


| 
ls 2F, a 2G, a 2H, 183, a ‘D. 








The observed g-values are entered in column 5 of table 6. Thes¢ 
may be compared with Landé values by referring to the publicatior 
mentioned earlier [17]. The g-sums for the levels originating in the 
various possible electron configurations are compared with the Landé 
sums for the same set of levels in table 7. The agreement is ver 
close. Except in the case of the configuration d* s*, for which on! 
one level is missing, several levels are missing from each configuration 
The remarkable agreement of the sums supports the conclusion that 
the coupling is closely LS, deviations from Landé g’s being accountec 
for by sharing in instances similar to those especially noted above. 


TaBLe 7.—Test of g-sum rule for Cb 














. : . | Sum | Landé 
Electron configuration observed g’s | sum 
dts Sees | 39.811 40. 000 

|} @?s2__. Rint 19. 965 20. 000 
d‘p aa oe | 135. 279 135. 268 
A>. etd Rbnhoehicanddece 136. 598 136, 582 
lds debacadiwrawocdedine 1.99 2. 000 





All observed term combinations are listed in the last column of 
table 6. These conform to the selection rules for transitions between 
energy states, any others that were observed being ruled out as 
fortuitous. As in Cb 1 and all other complex spectra, a considerable 
number of permitted transitions is not observed, because of low 
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ansition probability or superposition. The total number of listed 
erm combinations is 1,042, of which 195 are doublet-doublet, 284 
wartet-quartet, 18 sextet-sextet, 375 doublet-quartet, 61 quartet- 
extet, 31 doublet-sextet, and 78 involving unidentified levels. 


3, ELECTRON CONFIGURATIONS, THEORETICAL AND OBSERVED 
TERMS 


The five outer electrons responsible for the chemical properties and 
ptical spectrum of neutral columbium may be grouped in three 
possible ways to produce the low terms of Cb 1, as follows: 

4d°: *D, 7(PDFGH), *(PF), 7?(SDFGD), *(DG), °S. 
4d* 5s: ?(SDG), **(PF), ?(SDFGI), **(PDFGH), **(D). 
4d° 5s?: 7D, ?(PDFGH), *(PF). 

Of the 4d° terms only °S has been found in Cbi. According to 
theoretical studies by Laporte [18], reasonably precise calculations 
an be made of the location of the others. The combinations should 
i¢ in the long wavelength visible or infrared and may be masked by 
ands. The *D term from 4d‘ 5s is the lowest state of Cb1. The 
juartets have all been found except the relatively high *P and ‘F in 
he second parentheses above. The doublets from this configuration 
we very incomplete. The low terms )*G and 67H have been iden- 
tified, but are the only low terms about which some uncertainty is 
felt. The combinations are scattered and all Zeeman patterns unre- 
wlved. The assigned j’s give the largest number of combinations. 
An alternative possibility is that. the unassigned level, 18332.04, 
j=5%, belongs to 67H, and that one of levels now assigned to 6’G 
or 67H is part of the missing *F from 4d‘ 5s. The only other possi- 
bility for 18332.04 is *Igux. hese terms must of course come from 
id*5s. No other possibility exists, since all terms from 4d* 5s? have 
been found except *D listed first in the tabulation above and expected 
to be relatively high. 

The observed Cb1 spectrum is almost entirely accounted for by 
transitions involving the low terms just discussed and intermediate 
sets arising from 4d! 5p and 4d*5s5p. The predicted and observed 
terms from these configurations are displayed in table 8. Although a 
considerable number of terms, particularly doublets, is still unknown, 
the remaining unclassified lines are generally scattered and weak. 
All recent efforts to extend the classification have yielded meager 
results so that further work has not been deemed profitable. All 
intermediate odd sextets are known. One of these, (4d° 585p) 2 °G°, 
ombines only with a high even term (4d* 5s-6s) e °F, but the com- 
binations are intense and unmistakable with some support from 
Zeeman effect. Nearly all quartets are known, ‘S and ‘P terms being 
hardest to find. In some instances more than the expected number 
are found, particularly among the ‘F and ‘G terms. This indicates 
the appearance of terms from a 6p electron. Some of these have been 
utilized in series calculations as will be shown in the next section. 
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TABLE 8.—Cb 1 predicted and observed terms 


Observed 


a‘*p 


b4P, 


a ‘iP 
a*P,a*D,e@ 


z*p°,z*D°, y *F°, 


248°, ...w *D* 


,a4D 


, @4F 
°F, a*G, a°H 


z4{P°’, y ‘D°, 9 ‘F 


, &*, .., #9" 


w 4P°,t4D°, 0 4F°, c2P°, __, s *F* 


u4D°, 2 *F°, w *G*, 
u ‘F°, 0 4G°, 2 *H?, 
y ‘G°, y *H°, z ‘1°, 


w 7F° 
27H’, 


, pF 


u?D°, r?F°, r 2G 
o?F°, s°G, y?H 
z°2G°, 2*H°, y 2 


,y?F 


2H? 


, 


high t 
0 go 1 
Tey 
Josely 
the S& 
4, 2 
15 larg 
selecte 

5. I 
hyper! 
bas bi 
numel 
arp. 


Tw 
4d‘ 68 
4d‘ 58 
to a@ 5] 
appea 
in the 
xclus 
to th 
tentat 


2(HIK) 
«“(SPD), (SPD) 4 'eeetand Lise : 
4(DFG), *DFG) s ‘D°,¢‘F°, uw 4G°, s2D°, m2F°, p 2G° retain 
28 he 
PDF) aides oid Thi 
“FGH) ont ==0 2 config 
“SPD), (SPD) 2 #S°, » *P°, y §D°, w 48°, z *P®, g 1D? 2*D°, 
«“SPD), %SPD) y 8°, y *P®, z 4D®, y 28°, y 2P°, __ 1 Ol} 
(DFG), (DFG) z*D°, 2 °F, 26G°, 9 4D®, w *F°, 7 4G? in Cb 
«(DFG), %DFG) z4D°, 2 'F°, 24G°, y 2D®°, z2F°, y 2G The 
«(SPD), “SPD) r4S°,__,r4#D®°, __, __, 9 2D° 
(SPD) _» --» £ 4D® sextet 
«“(PDF), (PDF) ,p *D®, r2F°, 9 2P°,'t *D°, fests” 
xPDF) w 2P°, w 2D°, w2F° requir 
«(DFG), %DFG) ,o'F°, __,_., m 2°, ¢2G° state 


(DFG) »@ *F°, .. 
«(FGH), (FGH) # *F°, £46G°, 2 «Hs f 88°, 920°, u TH levels 
z*F°, 2°G°, w *H° 


First, 
relati’ 
possi 
ing 01 
term 

ion li 
norm: 


*(FGH) 
4‘(GHD, (GHD @ 4G*, .., .-, 6", £2’, .. 

7(GHI) w 2Q°, .., 221° 
“(PDF), (PDF) oe ae 

PDF) 














The criteria which have been found useful in assigning the various 
terms to electron configurations and ionization limits are summarized 
as follows: of thi 

1. Order or relative position of terms of Cb 1.—These terms constitute @ value 
the ionization limits for Cb 1, and terms correlated with the various @ state 
limits are expected to be distributed in an analogous manner. ionize 

2. Intensities of multiplet combinations.—If the ionization limit of § 8067. 
the low term is known, and it is certain in all instances in Cb 1, the @ sumn 
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high term of the combination yielding the strongest line is expected 
» go to the same limit. In other words, it is in the same family. 

3. The position of analogous terms in vanadium 1.—These spectra 
losely resemble each other, terms of similar origin appearing at about 
the same elevation above the lowest. 

4. Assignment to give the best conformity with the g-sum rule.—This 
is largely a matter of picking out instances of g-sharing, of which 
vlected examples have been given. 

5. Hyperfine structure.- “The associatign of the appearance of 
hyperfine structure with the configuration involving a single s-electron 
has been discussed earlier in the paper. It is to be noted that the 
gumerous combinations of a*F and a@‘*P from 4d*5s’ are relatively 
sharp. 

4. SERIES AND IONIZATION POTENTIAL 


Two high even terms have been found in Cb 1, of which the first, 
‘6s (D)e*®D, is the second series member associated with 
id‘ 5s (°D) a *D, the lowest state of the atom. This series converges 
toa °D, the lowest state of the ion. The other high term, 4d* 5s-6s e °F, 
appears for the first time in this configuration, having no counterpart 
in the 4d* 5s? configuration because of the operation of the Pauli 
xclusion principle. Attempts to find high even quartets analogous 
to those known in V1 proved futile. A few fragmentary terms, 
tentatively established, were not considered certain enough to be 
retained. 

Three high odd terms, n *D°, 0 *F°, and r *G®, all attributed to the 
onfiguration 4d* 5s6p, are associated with the lowest odd terms 
74D°, 2*F°, and 2*G° from 4d* 5s5p, and converge to 4d* 5s a °F 
in Cb m1. 

The ionization potential has been calculated both from the even 
sextet series and from these odd series. In general, four steps are 
required to calculate the ionization limit or elevation of the lowest 
state of the ion from the lowest state of the atom for a given set of 
levels in series when only two members of the series are known. 
First, the separation of the two members is found by subtracting the 
relative values. Second, this difference is located as closely as 
possible in a Rydberg interpolation table [19]. In the column adjoin- 
ing on the left in the table is found the absolute value of the lower 
term or distance in wave-number units between this term and its 
ion limit. Third, the value of the lower term measured from the 
normal state is added to the number so found to give the elevation 
of the ion limit above the normal state of the atom. Finally, the 
value of the limiting term in the ion spectrum relative to its normal 
state is subtracted, and the remainder gives the required lowest 
ionization limit. It is converted to electron volts by dividing [20] by 
8067. The results of these calculations for the available data are 
summarized in table 9. 
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TABLE 9.—CbI series 



























































| Electron 
Term ees 69? fee Op Limit Cbu <8 
be 68 | 
ee A BR ee DEE Be 
a "Das 1050 | 38568 1. 3910 57762 1225 ge 
a "Dass 695 38178 1, 3915 57363 801 2 
a *Das 392 37842 1. 3920 57021 438 56582 | 
| a*Dus | 154 37579 1, 3925 56751 159 56592 | 
| @ *Doss 0 37410 1. 3927 56579 0 56579 
Mean | 56571 
Electron 
—_ aibmantention ° , la Toniza 
Term n®* for 5p Limit Cbu tion 
| 5p 6p 
z ‘Dis | 21512 47276 1. 6216 63242 8320 54922 
2'Dhy 20838 46813 1. 6163 62844 7901 54944 
2 ‘Dis 20384 46365 1. 6161 62399 7506 54893 
z'Disxg | 20107 45979 1. 6189 61979 7 54473 
Mean... | | 54808 
2 ‘Fis 24057 | 47681 | 1.6024 | 62819 8320 54498 
2'Fig =| «(24015 47023 1. 6973 62106 7901 54205 | 
z‘Fixg =| 2357 46544 1.6984 | 61614 7506 54108 
z‘Fi =| 23244 46170 1.7002 | 612% | 7506 53720 
Mean 54133 
| | 
2'Gty | 24203 47081 | 1.7012 | 62121 | 8320 53800 | 
z'Gixg =| «(23537 46724 | 1.6920 61867 | 7901 53966 
24Gi =| 23023 46471 | 1.6844 | 61699 7506 54193 
2'Gig =| = 22647 46011 1. 6868 61212 7506 53707 | 
| - S ————E —— 
Mean . a Pee ey pt ate 53916 


The mean ionization limit from 5 levels associated with s-type 





electrons is 56,571 cm~', whereas the mean from 12 levels involving 
p-type electrons is 54,286 cm~'. The difference is probably due to 
the departure of one or other type of series from the simple Rydberg 
form. For V1 Meggers and Russell [7] discarded this procedure, 
and calculated the ionization limit from values of the effective quan- 
tum number n* estimated from the spectra of flanking elements, Ti 
and Cr. Columbium is flanked by Zr and Mo, for which the effective 
quantum numbers of terms with highest multiplicity associated with 
5s are 1.47 and 1.36, respectively [21]. The value thus indicated for 
Cb 1 is 1.41, corresponding to a term value of 


T= (R/n**) = 109737/1.41°= 54,868 cm™ 


for a*Dy. This is in close agreement with the ionization value 
54,286 cm derived from the odd quartet terms. We consider a 
rounded mean of 54,600 cm~ will represent the ionization value of 
Cbr with fair accuracy—it corresponds to a principal ionization 
potential of 6.77 volts. 
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DIAMOND CUTTING ACCELERATED BY AN 
ELECTRIC ARC 


By Chauncey G. Peters, Karl F. Nefflen, and Forest K. Harris 


ABSTRACT 


The method universally employed for cutting plane surfaces or facets on dia- 
monds has been to place the diamond in contact with a flat cast-iron lap charged 
with diamond powder and rotated at about 2,000 revolutions per minute. In 
the work described in this paper it was found that by producing a high-voltage 
electric are at the contact between the diamond and the lap, the cutting rate is 
materially increased for all orientations of the diamond, and good progress can 
be made directly on a natural octahedron face, where cutting without the arc is 
almost impossible. 

By applying the arc to a diamond saw the sawing rate is greatly increased, and 
diamonds can be sawed regardless of the orientation of the cut relative to the 
crystal axes. 
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I. INTRODUCTION 


In cutting surfaces on precision diamond tools required in research 
developments of standards of length, microhardness testing, methods 
for producing diamond dies, jewel bearings, etc., at the National 
Bureau of Standards, it was found that the rate of cutting was greatly 
increased by producing a high-voltage electric arc at the contact be- 
tween the diamond and the surface of a rotating lap charged with dia- 
mond powder. The cutting method universally employed by the 
lapidaries since the beginning of the art [1, 2] has been to spin a flat 
cast-iron lap about 1 foot in diameter at approximately 2,000 revolu- 
tions per minute. Diamond powder mixed with olive oil or some other 
viscous material is fed onto the surface of thelap. The diamond is em- 
bedded in a wiping solder contained in a copper cup or dop, which in 
turn is supported by a wooden arm. The diamond is brought into 
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contact with the surface of the spinning lap and cut until the desired 
surface, or facet, is produced. 

Diamonds crystallize in the cubic system, which has three equal 
axes at right angles, in the form of octahedrons, dodecahedrons, and 
cubes [1,3]. It is well known that a facet can be most readily cut when 
it has certain orientations relative to the crystal axes. As a general 
rule, cutting is must rapid when the facet is parallel to one or two of 
the axes and the direction of motion of the on surface is parallel to 
one of the axes. It is well established that cutting on an octahedron 
face, which is approximately at a 35-degree angle to all three axes, is 
almost impossible. 

The fact that under certain orientations the diamond is more resist- 
ant to abrasion than under others no doubt makes it possible to cut a 
diamond with its own powder. A part of the myried of fine particles 
in the powder is always in the most resistant position and will abrade 
a surface oriented in a less resistant plane. 

While making microhardness tests of diamonds from various sources, 
it was possible to make as many as 50 indentations, 30 microns long, 
in the flat surface of a diamond without injury to the point of a 
diamond indenter cut in the form of a four-sided pyramid. This led 
to the conclusion that the indenter point under compression had greater 
resistance to fracture than the diamond surface under tension. This 
may supply another explanation for the ability of powder particles to 
fracture or abrade the facet. 

By applying the electric arc to diamond-cutting machines in general 
use, as described in this paper, good progress can be made when 
cutting is done in any direction directly on the octahedron face, and 
the rate of cutting on any surface can be closely controlled by adjust- 
ing the primary current. 


II. METHOD AND APPARATUS 


The diamond cutting apparatus developed at this Bureau is shown 
in figure 1, and the wiring diagram is given in figure 2. The lap, J, of 
cast iron, copper, or other material supported by the base, W, is driven 
by the motor, M, at speeds ranging from 30 to 2,500 revolutions per 
minute. An arm, B, of insulating material such as 1-inch-square fiber 
bar, supports the diamond, D, and the weight, F. 

The leads from the 110-volt, 60-cycle alternating-current outlet are 
connected to the primary terminals of a 5,000-volt, 50/1, 300-volt- 
ampere power transformer, 7. In one of the primary connecting 
leads a variable rheostat, P, of 400 ohms is placed and in the other an 
alternating-current ammeter, A, of 2-ampere range. A capacitor, C, of 
about 0.001 to 0.008 microfarad is connected across the secondary 
leads of the transformer. The rheostat may be dispensed with if a 
current-limiting transformer, such as a 12,000-volt, 20-1illiampere 
neon sign lighting transformer is used instead of the power transformer 
and a 0 to 120-volt output Variac is placed between the alternating- 
current outlet and the transformer. 

One of the secondary leads of the transformer is connected to F aad 
the other to a brush, E which makes electric contact with the bottom 
of lap, Z, The diamond is mounted in a copper dop, high melting 
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Figure 2.— Wiring diagram for apparatus shown in figure 1. 











point solder being used, such as SAE No. E06, tin, lead, silver, or an 
alloy of equal weights of silver and aluminum and protrudes about % 
to 1 millimeter from the surface of the surrounding solder. The heat 
conductivity of the copper reduces the chance of solder being melted 
by the frictional heat of the lap. 


III. PREPARATION OF THE LAP 


A cast-iron lap of high carbon and graphite content and containing 
numerous small pits or pockets is turned in a lathe on both sides and 
on the edge and carefully balanced. It was found that cross scoring 
of the top surface of the lap by hand or with a cupped wheel was not 
necessary, but the final cut should be light to produce a smooth surface. 
A small quantity of diamond powder and a few drops of oil are applied 
to the lap, mixed well and rubbed into the surface with a flat, hardened 
steel block. A mixture of oil and powder can be applied while the 
lap is in motion, but this is rather wasteful of powder. 


IV. CONTROL OF CUTTING RATE 
1. DIAMOND POWDER 


In a recent report on diamond powder prepared by the Nationa 
Bureau of Standards for the War Production Board, N. R. C. 535° 
Serial No. W-144, grade specifications for diamond powder were, 
proposed. With the cooperation of the diamond industry, the Trade 
Standards Division of this Bureau has prepared the following specifi- 
cations for standard grades, which when adopted should result in 
uniform grade designation. 

For diamond cutting, grades 25 and 40 were found to give good 
results. Grade 40 cut slightly faster than grade 25, but the latter 
produced a better finish. 
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Taste 1.—Diamond powder grades 


{1 micron =0.00004 in.; 25.4 microns=0.001 in.] 

















| Grade num- | Goat stes Sieve 
ber and ; number 
average Size | Minimum | Maximum 
Microns | Méicrons | Microns | 
l 2 | <n > | 
| 2 1 3 
3 1 | 5 
| 3x 0 6 
6 4 8 
| s 6 | 10 weccceces 
8x 4 | 12 . --- 
14 8 20 | ---2--0---- 
| 25 | 13 37 
40 20 60 | 325 
| 60 35 85 230 
90 60 | 120 170 
120 | 80 160 120 | 
150 100 200 100 
| 180 120 240 80 
250 150 350 bo | 
400 250 550 40 








2. MIXING OIL 


Experiments were run, a number of different oils being used for 
mixing with the diamond powder. Vegetable oils such as olive oil 
and also asphalt-base mineral oils burned off rapidly from the heat 
of the arc. The best results were obtained with paraffine base, high 
flash point Pennsylvania oils of 30 to 50 SAE viscosity number. 


3. LAP SPEED 


The lap was revolved at various speeds between 30 and 2,500 
revolutions per minute. At the lower speeds the cutting rate was 
almost as fast as at the higher speeds, but the surface of the diamond 
showed a ground appearance. Speeds near 2,000 revolutions per 
minute gave good cutting rate and surface finish. At the low speeds 
the dop remained cool; therefore, the heat of the arc, although suffi- 
cient to account for most of the burning away of the oils at the con- 
tact surface, had negligible effect on the dop and solder. Almost all 
the heat transmitted to those elements must be produced by the 
friction between the diamond and high speed lap. 


4. ELECTRIC CONDITIONS 


Returning to figures 1 and 2, the maximum cutting rate was attained 
with an applied voltage of 110 volts, a current of about 0.5 ampere 
in the primary of 50/1 transformer, 7, and a capacitance across the 
secondary leads of 0.005 to 0.008 microfarad. To obtain that current 
in the primary circuit the rheostat, P, was adjusted to about 200 
ohms. To decrease the cutting rate, the primary current and the 
capacitance were reduced. 

ncreased current augmented the arc, which in turn produced in- 
creased burning of the mixing oil and a slower cutting rate. 
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Figure 3 Facet cut on the octahedron face of a diamond. 
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Figure 4.—Facet cut on the dodecahedron face of a diamond 


Direction A, parallel to one axis; direction B, perpendicular to one axis 


Figure 5.—Facet cul on cube face of a diamond 


Direction A, parallel to one axis: direction C, 45 degrees to two axes 
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V. TEST OF CUTTING RATE 


To determine the effect of the electric arc on the cutting rate, 
experiments were run on some 25 different diamond crystals, includ- 
ing octahedrons, cubes, dodecahedrons, three-point, capes and 
macles., 

Several well-formed diamond crystals were especially prepared by 
cutting a base and table accurately parallel to one another. The 
distances between these two facets before and after making the test 
cuts were carefully measured with a micrometer. The tables were cut 
to an area of about 8 square millimeters, 0.013 square inch, before the 
rate data were recorded. Thereafter, the time required to remove an 
additional thickness of from 0.010 inch to 0.040 inch was used to de- 
termine the cutting rate, which is taken as the time required to remove 
a layer of 0.001-inch thickness from a facet of about 8 square milli- 
meters, 0.013-square-inch area. Test cuts were also made on the back 
faces of diamond dies, figure 3. The thickness removed was accu- 
rately determined by means of a micrometer microscope sighted 
through the die window. 

The base and table in each case were cut accurately parallel to one 
of the principal crystal faces of the diamond. Figure 3 shows the 
facets cut parallel to the octahedron face, which makes angles of 35 
degrees with the three crystal axes. Figure 4 shows the facets cut 
parallel to a dodecahedron face, which is parallel to one axis and makes 
angles of 45 degrees with the other two axes. Figure 5 shows the 
facets cut parallel to the cube face, which is parallel to two axes and 
perpendicular to the third. 

On the octahedron face the rate of cutting was the same for all 
directions of motion of the lap surface. On the dodecahedron face the 
maximum cutting rate resulted when the direction of the lap motion 
was parallel to the crystal axis shown by A in figure 4, and the rate 
was at @ minumum at 90 degrees to that direction as shown by B. 
For the cube face, the cutting rate was at a maximum when the lap 
direction was parallel to one of the two axes as shown by A in figure 5 
and at a minimum at 45 degrees to those directions as represented 
by C. For intermediate directions the cutting rate lies between these 
extremes. In table 2 are given the maximum and minimum cutting 
rates, as defined above, with and without the arc, for diamonds cut on 
the three crystal faces. For like conditions of crystals face and lap 
direction there was but little variation of rate between individual 
diamonds. 


TABLE 2.—Comparison of cutting rates 








Time in minutes 





Without are | With are 





Dodecahedron face (fig. 
we Lap direction A 
Lap direction B_. 
Cube face (fig. 5): 
Lap direction A 
Lap direction C_-. 
Octahedron face (fig. 3): 
Three-point cape and macle 
Regular octahedron... ‘ 
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From these data it is seen that when cutting is done on the dodeca- 
hedron face with the lap direction parallel to the axis, A, (which 
appears to be the most favorable condition for cutting diamonds), 
the rate is about the same with or without the are. With the lap 
direction at right angles to the axis, B, however, the are increases 
the cutting rate about four times. 

On the cube face, when the cutting was parallel to one axis and at 
right angles to the other, A, figure 5, the are doubled the rate, and 
at 45 degrees to the two axes, C, it increased the rate by about two 
and one-half times. 

For the octahedron faces without the arc, no cutting resulted in 
any direction of the lap motion; that is, not as much as 0.0001 inch 
layer could be removed in a day’s time. This agrees with the experi- 
ence of expert lapidaries, as recorded in the literature [2, 4]. 

With the arc, however, the cutting rate on the octahedron face 
equals the rates found for the unfavorable directions on the cube and 
dodecahedron faces, which in turn have been augmented about four 
times by the use of the arc. That the arc facilitates such rapid cutting 
directly on the octahedron face is the most striking result of this 
work. This should make it possible, in designing industrial diamond 
tools, to take full advantage of the orientation of the crystallographic 
ee of the diamond with respect to the cutting surface of the 
tool [5]. 

The data presented here have been obtained from facets cut parallel 
to the three principal crystal faces. Additional quantitative cutting- 
a data are being accumulated for other definite orientations of the 
acets. 


VI. TEST OF SAWING 


Sawing diamonds by established methods can only be performed 
in certain directions parallel to either a cube or dodecahedron face 
and have been called the “‘sawing grain.’’ According to Grodzinsky, 
“It is almost impossible to saw the diamond in other directions even 
if they differ a few degrees from the original axis” [2, p. 44]. It 
should be added that when sawing parallel to the cube or dodecahedron 
face the direction of motion of the saw edge should be nearly paralle! 
to one of the crystal axes. 

To test the effect of the arc when applied to diamond sawing, a saw 
previously employed for slicing sapphire and spinel during an investi- 
gation of jewel bearing materials was employed. This machine, 
which has a phosphor bronze disk 6 inches in diameter and 0.012 inch 
thick rotating at about 2,800 revolutions per minute, cannot be con- 
sidered efficient for sawing diamonds. The diamond was mounted 
in an insulated metal block, which was connected to one secondary 
terminal of the transformer and the disk was connected to the otber 
terminal. With the aid of the arc, which is formed at the contact of 
the diamond and saw edge, the diamond can be sawed regardless of 
the axial orientation. 

The relative sawing rates for different directions agree with those 
found for similar directions when cutting was done with the flat lap. 
Sawing directly on the octahedron face of the diamond in figure 3, 
with the direction of motion of the saw edge parallel to the face, 4 
cut 0.14 inch long, 0.015 inch wide, and 0.017 inch deep was produced 
in 75 minutes. Sawing on the dodecahedron face of the diamond 
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in figure 4 with the direction of motion of the edge of the saw parallel 
to the crystal axis, that is, in direction A, a cut 0.14 inch long, 0.020 
inch wide, and 0.030 inch deep was made in 15 minutes. 

When sawing at right angles to the crystal axis or in direction B, 
figure 4, the sawing rate was about the same as for the octahedron face. 

If we define the cutting or sawing direction as the direction of 
motion of the diamond particles imbedded in the lap or the edge 
of the saw, the maximum cutting rate results when that cutting 
direction is parallel to one of the crystal axes. Under this condition 
the cutting direction makes angles of from about 35 to 45 degrees 
with the octahedron faces or clevage planes. When the cutting 
direction is parallel to the octahedron faces or clevage planes the 
cutting rate is at a minimum. For other orientation the cutting, or 
sawing, rate lies between these two extremes. These same rules 
should hold for the rate of wear in diamond dies. 

Experiments are now in progress the purpose of which is to find the 
explanation of the electric phenomena involved in the are cutting, 
sawing, and drilling of diamonds. However, the data now accumu- 
lated do not justify definite conclusions regarding the nature of the 
process. 

VII. SUMMARY 


By connecting the lap of a diamond cutting machine to one of the 
secondary terminals of a 5,000-volt power transformer having a 
current of about 0.5 ampere flowing through the primary circuit 
and the dop to the other terminal, a bluish are is produced at the con- 
tact of the diamond and lap. Under these conditions the cutting 
rate is materially increased for all orientations of the facets relative 
to the crystal axes of the diamond. Good progress can be made 
directly on the octahedron faces, where no appreciable cutting could 
be effected by the methods generally employed. Similarly, by apply- 
ing the arc to the diamond saw the sawing rate is greatly increased and 
cuts can be made in the diamond under any orientation. 
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A TRANSFER STRAIN GAGE FOR LARGE STRAINS 
By Martin Greenspan and Leroy R. Sweetman 


ABSTRACT 


A simple strain gage, suitable for measurement of strains of froom —16 to +32 
percent on a 1.5-inch gage length, is described. 


CONTENTS 
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II. Construction - 
Ill. Operation___- 
IV. Accuracy 


I. GENERAL 


A simple and inexpensive strain gage, having a range of —16 to +32 
percent on a 1.5-inch gage length, has been devised and successfully 
used at the National Bureau of Standards for the determination of 
the stress-strain relations in the plastic range of some aluminum alloys 
and steels. 

The gage consists of two distinct steel blocks equipped with steel 
knife edges (or conical points) which are kept in contact one with each 
end of the gage line by means of spring clips. The blocks move in 
relation to each other when the length of the gage line changes, but 
are kept in alinement by means of a rod attached to one block passing 
through a hole in the other. One block, (the indenter block), carries 
a hardened steel indenter mounted on a cantilever leaf spring; the 
other block, (the target block), has cemented to it, before the test, a 
brass target. The gage is operated by depressing the spring manually 
so that the indenter leaves a small mark on the target; a record of 
the deformations of the gage line corresponding to the various loads 
is thus transferred to and preserved on the target, from which it is 
read after the test is completed by means of a travelling micrometer 
microscope. 

II. CONSTRUCTION 


The gage is shown in figure 1. The alinement rod, a, is a piece of 
4-inch-diameter drill rod pressed into a hole in the indenter block, 6. 
The guide hole in the target block, c, which engages the alinement rod, 
is subdrilled and reamed to size. Although the clearance between the 
alinement rod and the guide hole is very small, it is large enough to 
allow the blocks to tilt with respect to each other and affect the 
accuracy of the gage. For this reason the alinement rod is provided 
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along its entire length with a flat about 0.08 inch wide, against which 
bears a flat-end setscrew, d, seated in the shoulder of the target block. 
By means of this setscrew the clearance is adjusted to the smallest 
value that will not cause binding. 

The knife edge, ¢, which has an included angle of 60 degrees is made 
from \-inch drill rod, hardened. The shank presses into a 1.8-mm- 
diameter hole in the block. The faces are ground and then lapped in a 
small indexing grinder constructed for the purpose. 

The indenter (not visible in fig. 1) is made from \-inch square drill 
rod, hardened. The striking face is in the form of a square pyramid, 
with an included angle of 120 degrees between opposite faces. The 
intersections of the two pairs of opposite faces are slightly offset, so 
that the extreme tip of the pyramid te not a point, but a line 0. 002 to 
0.003 inch long. An end-on view of an indenter is given in figure 2 
The faces of the indenter are ground and lapped in the same indexing 
grinder as the knife edges. 

The indenter is provided with an 0-80 threaded shank which 
passess through a hole j e in the \ by 0.006-inch spring-steel leaf, f (fig. 1 
and is secured by a nut, g. A "2-56 steel machine screw, h, secures the 
spring to the indenter block. 

The brass target, i, is a piece of 4-inch square brass rod % inch long. 
Each target is ‘used for four tests. Before use, one surface of the 
target is polished on abrasive paper to remove the major surface im- 
perfections. The target is then cemented to the target block so that 
the polished surface is uppermost and one end of the target is in con- 
tact with the shoulder of the target block. This position of the target 
gives a range of almost 0.5 inch in tension and almost 0.25 inch in 
compression if the initial gage length is 1.5 inch Shellac is a con- 
venient adhesive; it dries sufficiently well in a few minutes, and 
the target can be detached from the block by hand when the test is 
completed. 

III. OPERATION 


Fine scratches are scribed at the ends of the gage line on the speci- 
men and the knife edges of the gage are set in the scratches. The 
gage is held by spring clips as shown in figure 3. The indentations 
are made by pressing with a finger the nut which holds the indenter. 
A light touch, such as produces indentations 0.0003 to 0.0005 inch 
wide is best from the standpoint of legibility. The photomicrograph, 
figure 4, shows part of a record obtained in a test. 


IV. ACCURACY 


The record may be read by means of any suitable measuring micro- 
scope. A Zeiss travelling microscope at 56 magnification, accurate 
to about 0.00015 inch has been used for all the tests thus far made 
with these gages. 

The microscope is focussed on the botton of the indentation which 
appears as a sharp line. These lines are not visible in figure 4, but 
they would appear as vertical lines bisecting, approximately, the 
indentations. 

The six gages that have been used at the Bureau were calibrated 
against standard gage blocks in the extensometer comparator ' of 


1 Ambrose | Ambrose Hi. | Stang and Leroy R. Sweetman, An extensometer comparator, J. Research NBS 15, 199 
(1935) RP822. 
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Figure 1.—Transfer strain gage, 2» 


rhe gage weighs about 4 ounce 


Ficure 2.—IJndenter, end-on view, 25 > 








Journal of Research of the National Bureau of Standards Research Paper | 558 





Figure 3.—Three transfer gages in place transverse to the axis of a tensile-test spec- 
tmen of aluminum alloy. 


Three additional gazes, parallel to the axis of the specimen, are on the other side 





Figure 4.—Part of a record obtained in a tension test, 80. 
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Stang and Sweetman. Three of these gages exhibited only random 
errors of the same order of magnitude as the errors in the micrometer 
screw Of the microscope. The other three gages were affected by an 
additional systematic error not exceeding 0.2 percent. This system- 
atic error is probably a result of the relative tilt of the blocks pro- 
duced by the take-up, during separation of the blocks, of the clearance 
between the alinement rod and guide hole. 

During a test, conditions for the production of legible, uniform 
indentations are not as favorable as during a calibration, especially 
if more than one gage is to be operated simultaneously by one operator. 
However, it is felt that the gages can be relied upon to measure ex- 
tensions within perhaps 0.4 percent plus 0.0002 inch. Thus on a 
1.5-inch gage length, strains greater than 2 percent may be measured 
with an error of less than 1 percent. 


Wasuinoton, April 3, 1945. 
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REFRACTIVE-INDEX STANDARDS OF FLUORCROWN 
GLASS 


By Leroy W. Tilton 


ABSTRACT 


Refractive-index samples of fluorcrown glass, which provide solid standards 
in the index range between fused quartz, np==1.458, and low index silicate crown 
glass, mp==1.51, are characterized by very low temperature coefficients of index, 
and thus are especially recommended for use at extreme room temperatures. 
The calibration of such standards may be facilitated by comparisons with the 
precise data herein tabulated for six of these glasses in the temperature range 
15° to 55° C. Because of surface weathering, repolishings are sometimes necessary 
to avoid hazy and possibly false critical border lines. In some cases bright bands 
appear in the dark portion of the refractometer field. These are interpreted as 
critical-angle phenomena corresponding to decomposition products in the sur- 
face layers. 
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I. INTRODUCTION 


The refractive-index range 1.45 to 1.50, in which comparatively 
few solid standards are available, is important on the scales of com- 
mercial refractometers because so many oils, fats, and other liquids 
are included. Although this interval is relatively small on instru- 
ments of the Abbe type, it includes a large and much-used portion 
of the Butyro refractometer scale and all modern dipping refractom- 
eters with detachable prisms provide adequately for index measure- 
ments within this range. 

The makers of refractometers usually supply only one test slab or 
test specimen to be used in adjusting a given refractometer. For 
the Abbe type, with its wide index range, a piece of optical crown 
glass with index at least as high as 1.5 is customarily supplied, and 
on the Butyro type the scale extends so low that fluorite can be used 
for adjustments if one is not satisfied with the fluid that is sometimes 
furnished. The immersion refractometers can cover this index 
range witb two of the interchangeable prisms so designed that one is 
adjusted at the lower end of its scale by means of fluorite and the 
other prism adjusted at the upper end of its scale by a piece of boro- 
silicate crown glass with low index. 
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In order, however, that anyone may adequately check the accuracy 
of a Butyro scale, or the corresponding prisms of an immersion 
refractometer, it is highly desirable to have a number of standard test 
specimens in this much-used range of 1.45 to 1.50 in refractive index, 
For such purposes solid standards are preferable to liquids because of 
their lower temperature coefficients of refractivity and relatively 
greater permanence, stability, and freedom from contamination, 
Since, moreover, there has been no satisfactory specification of the 
exact conditions under which liquid and solid standards may be used 
interchangeably, fluorcrown glasses are desirable for research purposes 
in precise refractometry. 


II. DESCRIPTION OF PRISMATIC STANDARDS 


In the refractometric, laboratory at this Bureau, 13 refractive- 
index standards of fluorcrown glass have been in use for several years. 
They are made in the form of 60-degree prisms to provide for accurate 
measurements by the method of minimum deviation. By grinding 
and polishing a small area near one edge each prism is so modified ' 
that a 90-degree intersection between polished faces is effected, and 
thus the prism may be used as a test slab on any refractometer pro- 
vided the cement or metal in which a refractometer block is mounted 
does not project above the plane of the polished surface of the glass 
block. The faces of these prisms are of three sizes, 10 by 25, 12 by 30, 
and 24 by 24mm. Small size of face is of particular importance when- 
ever the cement or metal does project above the glass block. 

The glasses for these prisms were purchased through two or three 
different agencies but were, perhaps, all made at Jena, Germany. 
These prisms represent as many as six, and possibly seven, separate 
melts of glass. The data for glass A depend on only one prism but for 
the other glasses the data are averages for duplicate prisms. Glass 
A is somewhat lower in index than any now listed in the Schott « 
Gen. catalog. Glass B was purchased in the United States and glass 
C procured directly from Jena, but they differ so little that these two 
glasses may be originally from the same melt. Accordingly, their 
data have been averaged. Certainly glasses B and C closely resemble 
the Schott glass 0.7185 or, as more recently designated, FK3. Glass 
D corresponds to Schott’s old designation 0.6500, or FK1. Glass 
E differs from the others included in this study and may not be a 
fluorcrown glass. It resembles the more usual silica glasses in that it 
has a decidedly positive temperature coefficient of refractive index. 
It is almost identical with Schott’s FK4, which, in turn, however, is 
almost identical with their old designation 0.3258 that was styled 
“Borosilikat Cron,” without reference to fluorine. Incidentally, 
Schott’s FK4 is omitted in Glastechnische Tabellen (Berlin 1932) 
where, on page 314, the fluorcrown glasses FK1, 2, 3, and 5 are listed. 
Glass F is probably very similar to Schott’s FK2 and to FK5; glass"G 
appears almost identical with their old designation 0.6781. 


1See illustration, p. 623, BS J. Research 3 (1929) RP112; also p. 372, 7. Opt. Soc. Am. 32 (1942). 
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III. REFRACTIVE-INDEX DATA 


Refractive-index data on these standard prisms are given in tables 
| to 6. The measurements were made by the method of minimum 
deviation on a spectrometer with a special constant-temperature prism 
housing that has been described in a former paper.’ A feature of the 
work on these prisms with this apparatus is the determination of their 
temperature coefficients of index by precise observations at tempera- 
tures near those at which the standards are to be used. Although the 
imprecision of these observed data is about +13X10~’, it is thought 
that the graduated data as tabulated are precisely smoothed to about 
+2X10-", except at the corners of the tables. 


TABLE 1.— Temperature variations in refractivity of fluorcrown glass (A), the values 
being smoothed by the item-differences method; average imprecision, observed minus 
smoothed index, 1s +12 X1077 


[An = (nt, - Ns,) X10) 


Heavy rules in An columns are located approximately opposite the temperatures of minimum index. 


Dispersion 


| Refractive index (referred to dry air at ¢° C and pressure of 760 mm of Hg) 





\= 5803 A 


A=4340.5 A 


np—l 


An for An for i nr—Nc 
1° Cc fi 


1°C 


— "4 : | 


| 1, 4590118 | | 1. 4610931 | . 4650489 |...____| 1, 4697922 | .__.. 66. 468 a 
-| +3.4 | | +4. -6. a .|—0. 0027 
| 1. 4610883 .| 1. 4650426 -| 1, 4697830 66. 495 


A=6562.8 A A=4861.3 A 
Av 
for 


i° Cc 





nD | 








—. 0034 


1. 4610876 1, 4659399 1, 4697758 66. 529 





— . 0038 


1. 4610888 |.......| 1. 4659389 | 1. 4697703 66. 567 


—. 0036 


1. 4610921 1. 4659402 1. 4697670 "66, 603 























TABLE 2.—Temperature variations in refractivity of fluorcrown glasses (B and C) 
resembling Schott & Gen. FKS8 or 0.7185 (values smoothed by the item-differences 
method from averaged data on four prisms; average imprecision, observed minus 
smoothed index, is +8 X10) 


[An = (nig — 24.) X10) 


Dispersion 


Refractive index (referred to dry air at ¢° C and pressure of 760 mm of Hg) 


A=6562.8 A 


ne - - 


1. 4601175 
(13. 
1, 4601312 | 
|=i7. 
1. 4601483 | 


1. 4601667 





A= 5893 A 


A=4861.3 A 





An for 


_ 1° Cc 


An for 


np 1°C 


nr—nc| 1°C 





1, 4622202 |. 
1. 4622325 
1. 4622488 


1. 4622665 





1. 4622844 





1. 4710567 
1. 4710631 
1. 4710732 
1. 4710847 
1. 4710964 











2J. Research NBS 17, 389(1936) RP919, 
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\pLE 4.—Temperature variations ee ractivity of “‘fluorcrown’’ glass (E) resem- 
u 


Ming Schott & Gen. FK4 or 0.3258 ( 


es smoothed by the item-differences method 


from averaged data on two prisms; average imprecision, observed minus smoothed 
index, is +10X 107") 


TasLE 5.—Temperature variations in refractivity of fluorcrown 
bling Schott & Gen. FK2 and FKS (values smoothed by the item- 


[An=(mi—m:,) X 107] 








| Re Refractive index (referred to dry air at ¢° C and pressure of 760 mm of Hg) 
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TaBLE 6.—Temperature variations in refractivity of fluorcrown glass (G) resem- 
bling Schott & Gen. 0.6781 (values smoothed by the ttem-differences method from 
averaged data on two prisms; average imprecision, observed minus smoothed indez, 
is +1510) 

[An=(ni.—ns,) X 107] 











| Refractive index (referred to dry air at ¢° C and pressure of 760 mm of Hg) Dispersion 
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The tabulated data extend over a near-room range of temperatures 
at which water-jackets ate commonly tised, because the temperature 
coefficients of the refractometers on which such standards may be 
used are seldom, if ever, adequately known. This is a matter o 
primary importance for an instrument which, like the Butyro mm. 
fractometer, is to be used at relatively high working temperatures op 
fats and waxes, some of which are solids at ordinary room temper. 
tures. In such cases if is recommended that refractometers be 
adjusted on solid samples at the working temperature in use. In this 
way one obviates corrections relative to a known performance at 
standard temperature.’ Some fluorcrown glasses seem especially 
suitable for these standards because their temperature coefficients of 
refractivity are negligibly small. Glasses A and D have their minima 
of refractivity at room temperatures. The temperatures differ for 
various wavelengths and are indicated approximately by the rules in 
the An columns of tables 1 and 3. The refractive-index data her 
given will facilitate the making of refractive-index standards from 
similar glasses by tly reducing the number of precise index meas- 
urements that will be required in their calibration over a suitable 
range of temperatures. 


IV. SURFACE INSTABILITY 


The use of fluorcrown glasses for refractive-index standards js, 
however, not entirely satisfactory. Unfortunately, many of them are 
relatively soft and the polished surfaces are easily scratched. In some 
cases there is a far more serious tendency to weather or disintegrate in 
such manner that the surface changes its refractive index and no 
longer corresponds to the index of the main body of the glass as 
measured on the spectrometer. Whenever this occurs, repolishing is 
imperative. The effect of weathering may first be noticed as a poorly 
defined critical border or residual chromaticity when one attempts to 
use the compensator. Later, as a more striking manifestation, multi- 
ple critical borders are seen. These correspond apparently to different 
glasses in different parallel layers near the surface. For the glass A, 
of index 1.4611, the lowest here considered, it is found that repolishing 
is necessary after a very few months. After a period of 2 years the 
glass D, index 1.4705, showed some indications of surface index 
changes and the glasses B and C, index 1.4623, presented slight evi- 
dence of this sort. In both these cases the changes were unmis- 
takable after 5 years. For the other glasses no changes were optically 
detectible after 9 years. One surface of each prism was resurfaced 
after 7 years, but it is not certain that this was necessary in any case 
(except for the 1.4611 glass) for their accurate use in refractometry 
with a precision of +1 or 2x10~° as the maximum probable error in 
index determinations. Nevertheless, experience with these standards 
suggests that it is advisable to test the stability of fluercrown glasses 
before precise calibrations are undertaken. 

The optical evidences of the changes that take place on and near the 
surfaces of the prisms of glasses A, B, C, and D are so nearly systematic 
in their approximate regularity and interrelations that a detailed 
report thereon is given in table 7 and figure 1. Possibly there are only 

+ See the author’s discussion of temperature effects in critical-angle refractometry, J. Researeh NBS 30 
317 (1943) RP 1535. 
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The tabulated data extend over a near-room range of temperatures, 
at which water-jackets are commonly used, because the temperature 
coefficients of the refractometers on which such standards may be 
used are seldom, if ever, adequately known. This is a matter of 

rimary importance for an instrument which, like the Butyro re. 
ractometer, is to be used at relatively high working temperatures on 
fats and waxes, some of which are solids at ordinary room tempera- 
tures. In such cases it is recommended that refractometers be 
adjusted on solid samples at the working temperature in use. In this 
way one obviates corrections relative to a known performance at 
standard temperature.’ Some fluorcrown glasses seem especially 
suitable for these standards because their temperature coefficients of 
refractivity are negligibly small. Glasses A and D have their minima 
of refractivity at room temperatures. The temperatures differ for 
various wavelengths and are indicated approximately by the rules in 
the An columns of tables 1 and 3. The refractive-index data here 
given will facilitate the making of refractive-index standards from 
similar glasses by greatly reducing the number of precise index meas- 
urements that will be required in their calibration over a suitable 
range of temperatures. 


IV. SURFACE INSTABILITY 


The use of fluorcrown glasses for refractive-index standards is, 
however, not entirely satisfactory. Unfortunately, many of them are 
relatively soft and the polished surfaces are easily scratched. In some 
cases there is a far more serious tendency to weather or disintegrate in 
such manner that the surface changes its refractive index and no 
longer corresponds to the index of the main body of the glass as 
measured on the spectrometer. Whenever this occurs, repolishing is 
imperative. The effect of weathering may first be noticed as a poorly 
defined critica! border or residual chromaticity when one attempts to 
use the compensator. Later, as a more striking manifestation, multi- 
ple critical borders are seen. These correspond apparently to different 
glasses in different parallel layers near the surface. For the glass A, 
of index 1.4611, the lowest here considered, it is found that repolishing 
is necessary after a very few months. After a period of 2 years the 
glass D, index 1.4705, showed some indications of surface index 
changes and the glasses B and C, index 1.4623, presented slight evi- 
dence of this sort. In both these cases the changes were unmis- 
takable after 5 years. For the other glasses no changes were optically 
detectible after 9 years. One surface of each prism was resurfaced 
after 7 years, but it is not certain that this was necessary in any case 
(except for the 1.4611 glass) for their accurate use in refractometry 
with a precision of +1 or 2x10~* as the maximum probable error in 
index determinations. Nevertheless, experience with these standards 
suggests that it is advisable to test the stability of fluorcrown glasses 
before precise calibrations are undertaken. 

The optical evidences of the changes that take place on and near the 
surfaces of the prisms of glasses A, B, C, and D are so nearly systematic 
in their approximate regularity and interrelations that a detailed 
report thereon is given in table 7 and figure 1. Possibly there are only 


3 See the author’s discussion of temperature effects in critical-angle refractometry, J. Research NBS 30 
317 (1943) RP 1535. 
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a limited number of relatively stable glasses of the fluorcrown type, 
and after weathering takes place the surface layer may change to some 
one of the relatively stable glasses that are higher in index. Moreover 
this process seems capable of sluggish progression so that one test 
prism sometimes gives not only the principal border line but as many 
as eight faint critical edges, simultaneously visible, and some of them 
are found to correspond approximately to the border lines seen with 
other glasses of higher index. 
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REFRACTIVE INDEX MEASURED ON SPECTROMETER 
licure 1.—Refractivity of three fluorcrown optical glasses and of the products formed 
by thetr surface weathering. 


Numerous measurements of np made from 1929 to 1944 on various critical-angle refractometers were aver- 
aged. Encircled points represent averages for two distinct critical borderlines. The average separation 
of the “doublets” in these eight instances is An =0.0004. 


It is reasonable to suppose that loss of fluorine is an important 
element in the weathering process, and in this connection it should be 
noted that the dispersion, ny—mnc, for all of the weathered layers 1s 
found to be as high as 0.0080 to 0.0090, whereas that of the main 
body of these glasses is only 0.0070. In fact, the dispersions of the 
weathered layers approximate those of lowest-index silicate glasses 
without fluorine. 

The only added critical edges that can be readily observed in the 
field of a refractometer, together with the edge corresponding to the 
main volume of the glass, are those pieepuation to surface layers of 
higher index. These edges appear in the otherwise dark portion of 
the field. Each thin layer on the sample surface gives a narrow-slil 
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effect and confines the brightly illuminated area to a narrow line of 
which one side is a critical border and the other is a geometrical limit 
imposed by the width of the layer. 

his interpretation of the obenreed henomena was confirmed by 
observations on a composite prism made by cementing thin layers of 
different-index glasses on the surface of a standard sample. Also, 
similar phenomena were observed on two crown-flint prisms (np= 
1.5296) that, after polishing, were annealed in a new furnace where 
lead oxide was inadvertently present on some of the iron plates. 
Three added critical edges were well-defined for the C, D, and F lines 
and they corresponded to layers having indices n+ An, n+-2An, and 
n+4An, where An=0.00004 and differences in dispersion, if any, were 
too small to be detected. 

Remembering that these glasses A, B=C, and D, which are found 
to exhibit this multiple-index behavior, resemble the Schott glasses 
FK1 and FK3 in their index and dispersion, it is interesting to note 
from the meager data on compositions, as given on page 314 of 
Glastechnische Tabellen, that these fluorcrowns FK1 and FK3 differ 
from FK2 and FK5 in that they contain aluminum. 

It is not implied that the multiple edges observed on some of these 
glasses are necessarily present = oe other similar glasses are used. 


In fact, three prisms of unknown antecedents, having indices of 
1.46541, 1.47952, and 1.49776, showed no multiple edges when ex- 
amined. They had been surfaced at least 3 months when tested, but 
no more definite knowledge concerning them is now obtainable. It is 
possible, also, that some improvements in the weathering character- 


istics of the fluorcrown glasses have been effected by the manufacturers 
in recent years. Nevertheless, there is probably in existence much 
unused glass of melts like those cited in this report. Consequently, 
care should be exercised by refractometrists when fluorcrown glasses are 
selected or used for standards in precise refractometry. 


V. EFFECT OF TEMPERATURE ON 
RESONANCE FREQUENCY 


Entirely aside from their value in refractometry, the data given in 
tables 1 to 6 are of theoretical interest because of their evidence regard- 
ing the effect of temperature on the resonance frequencies of vibration 
in the ultraviolet region. With the exception of glass E, these glasses 
differ from most optical glasses in that their temperature coefficients 
of refractive index are, in general, negative. In this respect they 
resemble liquids and most crystals. In such cases the normal effect of 
temperature on density is said to predominate over that ascribed to 
shifting of the absorption band as temperature changes. 

Tables 1 and 3 oe figure 2 show that the condition for zero temper- 
ature coefficient of index in these glasses is a function of temperature 
and of wavelength, so that the minimum of change in index can in 
some cases, as for glass D, occur near 55° for red light, near 35° for 
blue, and well th ae 15° for violet light. Obviously, at higher 
temperatures all these glasses can be expected to have positive 
temperature coefficients of refractive index as do optical glasses in 
general. In all cases for these data the temperature coefficients of 
index increase mprrsicely (1) as the temperature increases and (2) as 
wavelength is shortened, just as should be the case if the critical 
frequency becomes lower when the temperature rises. From figure 2 
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it is evident that in some cases wholly erroneous conclusions regarding 
the temperature coefficients of crown glass at room temperatures may 
easily be drawn from ix dex data taken”on glass over a wide interya| 


from room to furnance | emperatures. 
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Figure 2.—Minimum refractive index of a fluorcrown glass as a function of temper- 


ature and wavelength (data from table 8). 
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For light of wavelength \=4047 A this glass has a positive temperature coefficient of refractivity at all room 
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temperatures as indicated by the tive slope of the lowest curve, whereas for \=7065 A coefficient 
ve. ARB. I tpete Le Ty there is a zero slope and a minimum refractivity at some 
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ties of hydrocarbons and its application to the 
refractive indices, densities, and boiling points 
of the paraffin and monoolefin hydrocarbons, 


, Donald D. Wagman, John E. Kiipatrick, 

Kenneth 8. Pitzer, Frederick D. Rossini, Heats, 

free energies, and equilibrium constants of 
some reactions involving Os, Hs, HyO, C, CO, 
COx:, and CH,, RP1634_. 

Teele, "Ra P., z hotometer for luminescent ma- 
terials, 

Temperature, yo of, from observations 
with a platinum thermometer, R P1647 

The ynamic properties of reactions for pro- 
ducing liquid hydrocarbon fuels, R P1634 

Thermodynamic Sn erties of some reactions 
proves ¢ Os, 


Tilton, Leroy W., Refractive-index standards of 
flourcrown glass, RP 1659... 

Toluene, heat of combustion, RP1629.- 

Toal, Arthur 
ing glass, R 


1658 


1637. 


115 
505 
199 


59 


-- 505 


1:0, C, CO, COs, CHa, 
1 


, Relaxation of stresses in anneal- 
. ns s ‘ 19 
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Trt x pata and boiling point of mpanes oxide, ho 


Underground corrosion, R P1639. . 
v 


Vapor presuate of nitrous oxide, RP 1644 
Moar le-tanned sole leather, wearing quality, 


Wagman, Donald D., John E. Kilpatrick, 
Williem J. Taylor, Kenneth 8. Pitzer, Frederick 
D. Rossini, Heats, free energies, and equili- 
brium snnemte of some reactions involving 
Os ma 5 H,0, C, CO, COs, and CHy, RP1634_. 143 
Washer, Francis E., Region of usable imagery in 
airplane-camera lenses, R P1636 





Water, thermodynamic 
Wearing uality of sole , RP 1626. 33 
Frank W. Schwab, = 
Seenperedane of benzoic acid as a fixed point in 
Sameneny. 2 RP1647 333 
Wilson, W. Scribner, Methods for the 
3. of cnatyiiost filter papers, RP1653._ 453 


x 
m-X ylene, heat of combustion, RP1629_. 


o-Xylene, heat of combustion, RP1629........_. 
p-Xylene, heat of combustion, RP1629_.....__.. 


b 


aserea, P. J., R. F. Geller, Melting point o 
pha-alumina, RP1649 


Zeeman effect in columbiam, RP1656 
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MATHEMATICAL TABLES 


Attention is invited to a series of publications prepared by the Project for the Computation of 
Mathematical Tables conducted by the Federal Works Agency, Work Projects Administration for 
the City of New York, under the sponsorship of the National Bureau of Standards. The tables 
which have been made available through the Nationa! Bureau of Standards are listed below. A 
list of other WPA tables obtainable elsewhere will be sent by the Bureau on request. 


There is included in this list a publication of the hypergeometric and Legendre functions (MT15), 
prepared by the Bureau. 


MT1. Taste or THe Fivst Ten Powers or true Inrecers From 1 ro 1,000: (1938) VIII + 80 pages; 
heavy paper cover. Out of print 


MT2. Tastes or THe Exeonentiat Function e*: The ranges and intervals of the argument and 
the number of decimal places in the entries are given below: 


Range of x Interval of x Decimals given 
— 2. 5000 to 1. 0000 0. 0001 18 

1. 0000 to 2. 5000 . 0001 15 

2. 500 to 5. 000 1 15 

5.00 to 10.00 01 12 


(1939) XV +-535 pages; bound in buckram, $2.00. 


MT3. Tastes or Crrcutar anv Hypersotic Sees anp Cosmves ror Raptan Arcuments: Con- 
tains 9 decimal place values of sin x, ccs x, sinh x, and cosh x for x (in radians) ranging from 
0 to 2 at intervals of 0.0001. (1939) XVII-+-405 pages; bound in buckram, $2.00, 


MT4. Tastes or Smves anv Cosmves ron Raptan Arcuments: Contains 8 decimal place values of 
sines and cosines for radian arguments ranging from 0 to 25 at intervals of 0.001. (1940) XXIX 
+- 275 pages; bound in buckram, $2.00 


MTS. Tastes or Seve, Cosme, anv Exponentiat Inrecraus, Vorume I: Values of these functions 
to 9 places of decimals from 0 to 2 at intervals of 0.0001. (1940) XXV1I+-444 pages; bound in 
buckram, $2.00, 

MT6. Tastes or Sine, Cosine, AND Exponentiat Inrecrats, Votume II: Values of these functions 
to 9, 10, or 11 significant figures from 0 to 10 at intervals of 0.001 with auxiliary tables. (1940) 
XXXVII+225 pages; bound in buckram, $2.00. 


MT?7. Taste or Naturat Locaarrums, Votume I: Logarithms of the integers from 1 to 50,000 
to 16 places of decimals. (1941) XVIII+- 501 pages; bound in buckram, $2.00. 


MTS. Tastes or Prosasmiry Functions, Votume I: Values of these functions to 15 places of 
decimals from 0 to 1 at intervals of 0.0001 and from 1 to 5.6 at intervals of 0.001. (1941) 
XXVIII +302 pages; bound in buckram, $2.00. 

MT9. Taste or Natrurat Locarrrums, Vorume II: Logarithms of the integers from 50,000 to 
100 000 to 16 places of decimals. (1941) XVIII+ 501 pages; bound in buckram, $2.00, 


MT10. Taste or Narurat Locarirmus, Votume III: Logarithms of the decimal numbers from 
0.0001 to 5.0000, to 16 places of decimals. (1941) XVIII-+-501 pages; bound in buckram, $2.00, 


MT11, Tastes or THe Moments or Inertia AND Secrion Moputt or Orpmary Anotes, CHan- 
NeLs, AND Buts Anotes wirn Cerrar Pirate Comemations: (1941) XIII 4-197 pages; bound in 
green cloth. $2.00 


MT12. Taste or Naturat Locaarrams, Votume IV: Logarithms of the decimal numbers from 
5.0000 to 10.0000, to 16 places of decimals. (1941) XXII-+ 506 pages; bound in buckram, $2.00, 


MT13. Tasze or Snve anp Cosnve InrecrALs POR ARGUMENTS PROM 10 To 100: (1942) XXXII +-185 
pages; bound in buckram, $2.00. 


MT14. Tastes or Prosasmiry Functions, Vorume II: Values of these functions to 15 places of 
decimals from 0 to 1 at intervals of 0.0001 and from 1 to 7.8 at intervals of 0.001. (1942) XXI+344 
pages; bound in buckram, $2.00. 


MT15. Tae Hyrpercromerric AND Lecenpre Funcrions Wrrn App.ications To INTEGRAL Equa 
tions OF Porentia Turory. By Chester Snow, National Bureau of Standards.1 Reproduced 
— original handwritten manuscript. (1942) VII1+-319 pages, bound in heavy paper cover. 

2.00. 


MT16. Taste or Arc Tan x: Table of inverse tangents for positive values of the angle in radians, 
Second central differences are included for all entries. x= {0(.001)7(.01)50(.1)300(1)2,000(10) 
10,000; 12D] (1942) XX'V +-169 pages; bound in buckram, $2.00. 


{Continued on p. 4 of cover} 











{Continued from p. 3 of cover} 


MT17. Mucetraneous Puysicat Taszes: Prancx’s Rapiation Puncrions (Originally published 
in the Journal of the Optical Society of America, February 1940); and Erectrowic Functions, 
(1941) VII+ 58 pages; bound in buckram, $1.50, 


MT18. Taste or tHe Zeros or THe Lecenpar Potynomiats or Orver 1-16 ann THe Waicut 
Cozrricrents ron Gavas’ Mecuanicat Quaprature Foamuta. (Reprinted from Bul. Amer. 
Mathematical Society, October 1942.) 5 pages, with cover, 25 cents. 


MT19. On tHe Function H (m, a, x)=exr (—ix)F (m+ 1—ia, 2m+-2; ix); with table or the 
confluent hypergeometric function and its first derivative. (Reprinted from J. Math. Phys. 
December 1942.) 20 pages, with cover, 25 cents. : 


MT20. Taste or brrzcnats t Jolt)de and fe Yo(t)dt. (Reprinted from J. Math, Phys., May 
1943.) 12 pages, with cover, 25 cents. 
MT21. Taste oF Jig(x)= f “ae anp Retaeo Funcrions. (Reprinted from J. Math. Phys, 
2 


June 1943.) 7 pages, with cover, 25 cents, 

MT22. Taste of Coerricients is Numericat Inrecration Formutaz. (Reprinted from J. Math 
Phys., June 1943.) 2 pages, with cover, 25 cents. 

MT23. Taste or Fourier Cosgrricients. (Reprinted from J. Math. Phys., Sept. 1943.) 11 pages, 
with cover, 25 cents. 

MT 24. Coerricients pon Numericar Dirrerentiation Wits Centrat Dirrerences. (Reprinted 
from J. Math. Phys., Sept. 1943.) 21 pages, with cover, 25 cents, 

MT25. Seven-Pomt Lacrancian Intecrarion Formutas, (Reprinted from J. Math, Phys, 
Dec. 1943.) 4 pages, with cover, 25 cents, 

MT26. A Snort Taste or tee First Prive Zeros or tue Transcenvenrat Equation, 
Jolx) Yelkx)—Jolkx) Yolx)=0. (Reprinted from J. Math. Phys., Dec. 1943.) 2 pages, with cover, 
25 cents. ; 


MT27. Taste or Coerricients ror Inverse Interrocation wits Centrat Dirrerences., (Re 
printed from J. Math. Phys., Dec. 1943.) 15 pages, with cover, 25 cents, 


MT28. Taste or f,(x)= aJ a(x). (Reprinted from J. Math. Phys., Feb. 1944) 16 pages, with 


cover, 25 cents. 
MT29. Taste or Coerrictents ror Inverse INTERPOLATION witH ADVANCING Drrrerenczs 
(Reprinted from J. Math. Phys., May 1944) 28 pages, with cover, 25 cents. 
MT30. A New Formuta ror Inverse Inrerpotation. (Reprinted from Bul Amer, Mathe- 
matical Society, Aug. 1944.) 4 pages, with cover, 25 cents. 
MT31. Coerrictents ror Inrerrocation Wrraw a Square Garp mv tHe ComPicx Prange. (Re 
printed from J. Math. Phys, Aug. 1944). 11 pages, with cover. 25 cent& 
MT32. Taste or Coerrictents ror Dirrerences in Terms or THe Derivatives, (R printed from 
J. Math. Phys., Nov. 1944.) 4 pages, with cover, 25 cents. 
Payment is required in advance. Make remittance payable to the “National Bureau of Standards” 
and send with order, using the blank form facing page 3 of the cover, 
A mailing list is maintained for those who desire to receive announcements regarding new tables 
as they become available. 
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